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P^EFACK. 


At various \imeB I linvc hocii urged, by Dr. E. Knwht nud oMier 

* friends, ^f^lo seem to think that s<une of my font riluit ions to tho 
Theory and Pr^etic;^* of Pleaebing. and to the distnission us to tho 
constitution ^nd properties t»f lileaehing Powtjer, were of w»m« 
value, to publish an aeeount of tlu'in in book form. It \uis |)oiiitc^ 
out to in^ that^ seatteml as thesf eontributions an* among various 

* numbers of the jounuils j»f tlie Chemhal Soeiety and of the Soeioty 
of Dyers and (V)lourists. tliey are not easily a(j^»‘Ksihl<‘, fH{M‘eially 
to the younger generation of stiuhnts inten'sted in bl(‘aflung. 

• • 

My first i<lea was simply to write, as far as possible if\ a eonmH;ti*d 
form, an <frfount of my e.\j»eriments and loneliisions, nm\ publish 

* thi5 as a sln)rt Monograjih on llleaehing and Hhsu’hing Powder. 
But, aa this would hav(‘ involved, in any ease, many eopioim quota* 
tions from tlu^ various papers, I have deeided that it would bo 
simplest, and I hope m»t less useful, to leprinl the pajiers pnu tieally 
as they apjKMretl when they une first [>uhljHhed,with merely such 
alteratioiu as 1 eonsi(h*red n<‘e<‘K.sary (»r desirable. 

The pajMJrs are arrang<*(I in the jjrder in uhieh they first apiswinnl. 
Th«y roprescnit more than a down years* work, which could only 
])© carried on intermitt<*ntly when other duties |MTniitt<*d. All 
■ the papers except one represent ex|M'rimentaI ilone IjtJr mjwdf. 
In that one (Xumb<T III. in the pieH«*nt issue), I hod the valuable 
assistance of Mr. Clifford Bostock, who was then a Kes<'«pch Student 
in the Manchester College of Technology. A few y<-arH afterwards 
Bostock was lj|fll(xl^ the war. His was onf^of the many instances 
of a promising career cut short by thAt calamity. / 

R.,L. T. 


Manchester, 1022# 
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I. 

RESEARCHES ON BLEACHING 
PART I. * 


POWDE 


(From the Trmnsarl{ini.>< of Ihr (’h mica! Stn'iihf, M.HO. Vol. 97). 

• 4 • 

Fob tho purpose of this i n vest ipit inn. it wus li|sf of all neecaitary 
to deviao a method for distirimiishiiij; het\\iM“H pure eliioriiio and 
hypochlorouK ^ehl, aivl, in a mixture of the two, tin ling thoir 
projmrtioni. 

Tho method used waa to pass the gases through a known volumo 
of J\r/10-Hodium arseiute. 'Phe action of ehhirine and of hypo* 
chlorous |i(.'i(^ on sodium arsenite may hi* n^presentiMl thus: 

(1) As/), i 2(1., f 2H/) Ah/)j. i 4H(1 
• (2) As/), } 2H(M'l ' As/)^ } 211(1. 

It is plain that, /(>r the satiu* amount of arseniti* o.\idised, twice 
aa much hydroehlorie acid (or chloride) is piodueed in the ea«» of 
chlorine as in the ea.s(‘ of hypoehlorous acid. 'Phe arsenite (which 
must always be in exiTss, so that it is not eompletdy oxidimnl) is 
then divided*into (wo eijual parts. In on* half, the amount of 
arseniU» remaining uno.xidised is <letermin'*d by m •ans of A/10- 
iodinc solution, and from this the amount o.\idiscd is tsi'erlaimul. 
In the other half, the am unit of ehlorim’ is detennim'd by moans 
of iV/lO-silver nitrate* In the latter determin'd ion the use of an 
indicator was very soon discarfled, although, if a eonsiderahlo 
'proportion of the arsenite has been oxidiw’d, the arwmaU^ pnaluced 
acts fairly well as an indicator, and may Is^ flsi^d insto*a<U>f abiding 
a chromate to the solution. Much more trustworthy resultl^ow* 
ever, arc obtained by acidifying the solution with nitric acid, 
adding a little of the silver solution, boiling for a minute or two, 
and then filtering a portion of the liquid. A little mbro of th< 
silver solutiofi added, drop by drop, to tb^ filtered portion, whici 
is thei^jltumed to the bulk, and this boiled :md ^terai again 
Hus* is continued Until the filtered portion gives no further pro 
dpitate with th% silver solution. 4^ described, the prgco|s seenu 
Ktt^ in pr^tice it works very well, and the determinatioi 
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rif th<; rliViryi (4 can hotniaiU? fairly rapidly. In this process, as the 
solutions uwd arc all dccim^mal, i nd therefore equal t^ each other, 
•when the o\idisinj' is f)ure < hlorine, the amoant of silver 

nilmteji.scd ( amount of ehloride j^esent) Is thej^aiye^s the 
amount »if arsenite o.xidised. When hypoeh||uV)Us a(Vl is the 
oxidisin;; a^'ent, the e^loridi- produ(*e<i is only hlllf the amount of 
arsMiiite o\i<lised 

77w .\rlnm of ('(trhon l)uuui^ on lihiuhnKj^l^omh r. 

It is V(MV freijyeiitly stiit«*d, anil prohihlv usually eonshlered, 
that earhoii (li«»\ide simply lileMatos h\ pochlorous acid from 
hleaehin;' po\\<ler A ennsideraljh* nunihi r i.f ohsen rrs. luovever, 
ha\e pr)inle<| out that ehloiim* is prodiuiMl when pure ('arhoii 
dioxide acts on hleaehme powdei • 

'rhu.s, Kiehards^ ; nd diineker [Ihmjl I'tthfl ./ , ISTl. IMI, 31) 
state that dry hleaehinjj; powdei i.s almost iindeeomjio.sed l^y eai^ion 
<lio,\i<le. If about IG jn'i cent of wati'i is prt'sent. ftoth chlorine 
and hy[)oehlorous aiud are prodmed , 

WoltiM's (./ jtr. ('hnn , |N7I. |ii ]. III. I’js) n^ fs to tly hheratiiui 
of chlorine hy tin* action of c.irhon ilioxide on hliMehine pi wder, 
and Lun^'c and Schappi [hln’jl .1 . |SM», ‘JTIi. i;:{) .static that 

<*arhon dioxiile expels neailx the whole of the chloiinc fn»m hlea<*liing 
pow’dcr. 

Drexfus {Hull Site c'»/m , |SS|, |ii |. H, lilMi) found that carhoip 
<lio\idc ha.'^ no action on calcium <'hloiifle. hut. in the presence of 
chlorine monoxide, eithei dry or m aqueous s«>lution, it hherates 
chlorine. 

M»ire rci’ently this (juestion. witli others nl.ituig to bleaching 
ptiwder, has Ihmii unestigated h\ \un Tn‘si>nholt (./ pr. ('hrm.f* 
liMlI. lii.|, t;3. 3G ; m'2, |u.l.rd2 . I'.HMi. |n ]. 73. 3iil), Some of 
his ct^Jelusioiis will he referfcd to later 

In iny lirst experiments, carbon dioxide, in its (»rdinary moist 
condition, afler lH*ing well washed with water, was pa.sjanl through a 
ll-tuhe colitaining bleaching powder and a suibcient amount of 
glass wool to give a fn^ passage for tin* gas ( arbofi dioxide, as 
•ordinari^ prypan'ii by the aefion of hydrochloric acid oji marble, 
invariably carries with it a little hyilrochloric*acid, and. in iome 
of the ej^[)t^dments, Vliis was re»noveii by passing ^he gas through 
glass wool wetted with a solution of silver nitrate, which acU quite 
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effectually. When, hdwevcr, the jjiik in \vell|\vasheil with Vater, He 
amount of^ hydrochhirie ueid aee<»m 4 Kmyinj» it is not sutlieuMit 
to 8t'riously*affeet the re.sults. Aftrr passing: tlirou^i;h the Ijje.M’hini; 

th^ gLs \wis passtfl tl»rou;»h a linn* “ii^r tube eoiitnininj? 
X lO-soJVium UFsijiite. 

'A con.suleraffle n iiuher of exiHTinunt^'' wi'ii* ruuli*. and tlio 
follo\\in'4 is an example of tin* n-s ilts iinaiuldx olit im**! 'I’wenty 
c.e. of fhe y 10 -arv iiite uiTt* iisr.i 

1 

Aimnmt ol .o-M'uitr uxuiiM-tl s :L'» r ■ . 

^Amnuiit «»f |o v.il\fr iiitnit - s t «■ « 

• 

It is j»laiii fnmi tl^^ tli.it tie* soli- prodie t of tie* a< lem of cariHiit 
dioxide on hl(‘aeliin^^p«»v\d«*r is i liloriie* Tie* r'.iapin*.: ^as has a 
stronit odour of ehloine*. an I iioie* .it .ill of ii\ po« Iiloriuis a(*id. 
'rhe ai'^ion proceeds \«*rv iapell\ if tie* c.oImmi dio\i |c is ipiito 
moist . 

In Sifliie further cxpci imciits. tie* c.iileiii dioxelc nas diiiMi hy 
paMsin;f it^o\cr ejiiium i ldoiidc 'rie* dfcci of diMiej; lie* w 
that the action l)c«'<»mcs much sl<»\\i*i. .iiel. .is tie* mojstuic usually 
present in lie* hlc.ichui'i po\\<|ci is ^o*.elu.dl\ c.iriii*d au.iv liy the 
(irv earhoii dioxide, it soon Incomes i*\tii*mcly slow When thin 
"point has 1 m*(*ii n*;i<*hcd. tie* uist oit-ui *ous .ic< r|cMt loii of lie* action 
• when tie* drying tuhe i.s i»*mo\c<l is \rr\ sliil\m!4 Th** following 
three experiments show that the piodie t is tie* s.iiie* with lie* dry 
as with the moist gas. namely, nothnej; hut chlorine 

It 


1 

Ar'«’uU** ■.*•<1 

( 'liloroli' |>r«nlt|f*<sl, 

1 

:t 1 

a 

2 

1 

1 'j:. 

a 

tl 7t7i 

i\ ( s’) 


• TWHslight cxqpss of silver nitrate UH4*d may hav4 been due to R 
little hydrochloric a<id carried *iver, although the a<*tual amountu 
Are not beyonS the limits of aeeftracy of the methotl, • 
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’ >*When larj^o^ dioxi^o is passed through a solution of bleaching 
powder in water, the action is very rapid, but the result is exactly 
Uie Han^t^, as the following experiments show : 

ITT. 

I I t - 

I ^ 

Arrffuitd oxirlisofl. Ciilprido produceds 

5-58 
31 

The issuing gas again has a strong odoui- of chlorine, and none 
at nil of hypoehlorous acid. 

c 

Action of Carbon Dioxide on a Mixture of Salinm*^ Chloride and 
Hypochlorite, and on a Mixture of Bromide and Hy2)obromit€. 

The mixture of ^Mlium cliloridi? ami hypochlorite was prepared 
by })as8ing chlorine into a moderately concentrated cold 8olution«of 
sodium hydroxide. The following experiments show that the action 
is exactly the sanu^ as with a solution of bleaching powdey : — 

IV. 

.\is»‘m(o o\iilis4*'l. ! (’Iiloride pi'od\iood. 

1 4 I 11L> 

2 a I ij I3 

When carf)on dioxide is passed through a solutmn containing a 
mixture of a bromide and a hypobroinite there is, as one would 
naturally e.xpeet. an imnualiate and copious liberation of bromine. 

It is well known that carbon dii>.\ide acts in a similar way on a 
mixtun^ of iodi(h‘ and hypoiodite. 

It appears, from th<<» foregoing experiments, that the action of 
carbonic acid on bleaching powder and similar substances is like 
that of any other acid. There has lHM‘n much discussion as to 
the actual eohstitution «»f dry bleaching |H>wder, but, whatever 
tlyit constitution may Ih\ it may be taken that, in solution or in 
pSeseneo of water, it is, \o all intents and puriK)«^8, atmixture of 
* chloride aeid ]wi)ochlorite. The usual explanation of the action 
of, say, sulphuric acid (when used in eimsiderable quantity) 
bleaching jKifvder is ♦^at the cldorido and hypoeWorite are both 
deeompos^. with the simultaneous production of Jiydrochloric and 
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h3rpochlorou8 acids, and iimt mew iiiH*oni|N)8(* oacn •nor, >viin mo 
liberation ob chlorine. The ijiicstum ts whether, or not wo must 
y)ek fo^ soifto other explanation of the uetkm j>f eiirhonie acid? 
For n%r l^has’b no (loitl>t an to the answer to tha^qi^^stion — 
the action of eaVlBuiie acid on hleaehin^ powdtT is exactly like 
that of olh.er aei?l.s. Of course, this inv(»lw*s the conclusion that 
calcium chlorhle (or sodium chhiritic. for example) is decompilwsl, 
when in solution, by carhonic acid, with the liberation of hytlnichloric 
acid, and that, therefore, tiui a<*liou of h\droehli»rie acid on car- 
bonates is a* reversible juie : 

CnCO., I 2MCI . CaCI, . 

I have tri*‘^l to obtain soiin* i‘\pi‘iim«‘nTai i*vid<*uee that this ii* 
the case, and not ultop‘ther without suercss. 

Many years auo MlTlIer {Jouni ('h m .SV>e . ISTn. 2:1, 11(1) stated 
that a solution of lead (‘lihiri le is (h*eomposed wtien earlsin dioxide 
is jfksHCc^ through it, with lilsTation of hydroehh»rie at id imd pre- 
cipitation of a ehloro(*arbon.itf, ami that .some »)f tin* liborated acid 
could actmdly he distilled <dT He also stateil that carbon dioxide, 
UB^ier considerable ^re.ssure. would tleeomjsisc sodium ami calcium 
rddoiilcs, when in soliiliui in watt‘r, with liberation t*f hydro- 
cTilorie acid, lit* used uitiMiiiaiim' as an indi ’ati>r. and statf‘i| that, 
whilst carbon dio\ilc ahtm* tiocs not decompose ultramaiim' 
<fi8iK‘inled in water, e\en endcr emisidorahlo pnssun*, if the water 
contains eonnnon salt tIissoKed m it the eolour id the ultraniaiim* 
is destroyed. 

I am unable to eojifiiin the hitter oh.serv.ition Carfon dioxith’, 
when buhhled throu;.di water in whi<-h a little iiltramarimr is 
8U8|K‘nded, has no eflfeet on it, whether the water contains salt or 
^not. Under a pr(*ssnre of a few atnio.spheies, however, ultramarine 
is doconi{3oH<'d and deeolorisi d by earboiiie arid alone, and 1 have 
been unable to observe any difTereiiec in the action wln n tlie water 
contained salt as well. The ex|H*iiment.s 1 made were |MT!ormed 
in an ordinary sparklet apiiaratus, in whieh the pr^ure attains 
five or six atmosphercH. If di.stilled water with a little ullramarino 
suspended in it ks^daced in Hueh an apfiaratiiH, and then the li(|ui({ 
charged with carbon dioxide in the usual wE>', there is no immediate 
cffe<^, in the joursc of a day or two, the colousjof life ultra- 
marine gradually disapix^ars. As stabKl above, the presence of 
salt (or of calcium chloride) in the water maki^ no apparemt differ- 
ence in the results 
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^ Methyl-oirt^ge is, However, a much more delicate indicator for 

acids than ultramarine. It^is usually assumed that ^le former is 
%iot aff&cted by carbojiic acid, but this is not quite correct. If well 
washed ^arbon dioxide is bubbled throi^h distilled ^a1^ con^dning 
a little me?hyl-orange, there is a distinct alter%tit)n of the colour, 
although it docs not ^um pink. If, however, the water contains 
al8(> a little pure salt, or calcium chloride, or potassium chloride, 
the colour becomes distinctly pink when the carbon (fioxide is 
bubbled through. The change of colgur is most striding in the case 
of the common salt, but it is quite evident with the other chlorides. 
This may be taken tis evidence that carbonic acid liberates a sensible 
amount of hydrochloric acid in solutions of chlorides, thatjis to say, 
the action of hydrochloric acid on carbonates is a feversiblo one. 
()f course, th<5 amount of hydrochloric acid ^hus liberated must be 
extremely small, b^t it will bo quite sulTicb'nt to explain the action 
of carlKJiiic acid on ])lcaching powder and similar substances. The 
small amf)unt of hydrochloric acid liberated will be at^onciJ decom- 
posed by the hyj)oehlorouH acid libcrat(Hl simultaneously from the 
hypoehlorit(» ; this will enable the actum of the carboific acid to 
j)roceed as b(‘fore, and so there will bo a continuous qvolution^f 
chlorine, and, if this is carried away as fast as it is formed, the 
bleaching ])ow(l('r will be almost eom[)letely decomposed. 

It may hero be noted that if carbon dixoidc^ is bubbled through 
water containing potassium bromide or ammonium ^chloride aiSl 
coloured with methyl-orange, the change of colour is not so striking 
as in the c^e of the three chlorides mentioned above. Pure water 
colour'd with methyl -orange becomes quite pink when charged with 
earben dioxide in a sparklet apparatus. 

Von Tie.s<‘nholt {loc. ciV.) explains the production of chlorine when 
carbon dioxide acts on bleaching iwwxler by supjmsing that hypo- , 
chlorous acid is first ftgrmed by the action of the carbon dioxide on 
the hj||H)chlorite prestmt, and that this a<‘t8 on the calcium chloride, 
liberating chlorine : 

• CaCl, I 2HOC1 = Ca(()H), -f- 2C1,. 

« He findH, in confirmation of this view, that chlorine is liberated 
Vhen a solution of hypqohlorous acid is added t§ calaium chloride 
^ • or to common salt . The ex})erknent8 hero described, however, show 
that nothing but chlorine is produced by theaaction o^Srttbnio 
acid on bleachmg pawder, so that all the hypochlorous acid which 
is liberated must be ^ecompos^. Apparently, if*von Tiesenholt’s 
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Tiew is right, h3rpochlorouti acid cannot exfot in thp«proBenoe ot'a 
inffioient agaoant of a chloride, ao tHkt it woul^i be impomible to 
»xpd ,eny ^hypochlorouB acid from a BoUitien which contaub 
^hloAde^. % ^ will be sdii later, however, mixture^ o( chlorine 
ind hypochlor^uc acid containing a considerable profMirtion of 
bhd latter can be exjK'lled from Kolutioiiii of bleaching powder. 
CJonsequently, whilst it is possible that the action of hy|MK*hJtiroua 
MJid on* cldoridea may account f<»r some of the chloriie' which ia 
produced in t\ie ease of conc 4 ‘nt rated solutions or the nu*n*ly moiat 
bleaching i1t)vvder for example, von 'ri»‘senholt’s expbiiution would 
aot appear to be preftTable to the one otb riHl above. 

• 

The Action of Air on Hhirhintj Pon>(hr. 

Although this was not the order in which tbi' exjMTimcnts wore 
actually tried, it will lx* best to describe lirst the etbet (d air from 
which all tWb carbrm dioxide has been nunoved. 'I'liis was tbme by 
paasing the air through washing eyliiulers euutaining eoke wet with 
a concent rats ‘d solution of sodium hy<lro\i(le. It was then bubbled 
through a* milky soluti(Ui oi hleaehing powder (abcuit r» to 1(1 per 
cent), and afterwards through solution of sr>dium arwnite. 

In all the experiments with air, it was passed through at a rato 
bf about 10 to IT) litres |K r hour. 

Air free from earhon dioxhle is praelieally inert mo far aa 
bleaching powder is eoneeriied, and naturally all that enn do is to 
sweep out any chlorine or hypiK’hlorous aeid which may hapjien to 
be present. Consequently, the action is very anil the ex})en' 
ments had to be carried on for a long time (from 72 to 00 hours) in 
order to obtain sufficient oxidising actum in tiu! solution of amenite 
to bo able to judge what was Ixung carried over. The following 
results were obtained in three wparate ex|H*riments : ^ 



AriKmitA 
• oxidiHRd. 

Chlorido 
j produofxl. 

Hypochloroiw 
n^d, p »r cent. 

"Chlorina, J 
p»r coot. 

f 

3 

1-OJ 1 

lO 1 

s : 

1 0-57 • 

' 045 

j 0-38 , 

w- 

00 i 

100 

JL - 

10 

0 

.0 

-- a 
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• *The amount of oxidation in these experiments was very little, 
hut they apjH^ar tq show that a small amount of free hfpochlorous 
^id exists in a solution of bleaching powder, which is ^^ply« 
swept oi||' hy the passage of air free from carbhn dioidd^thfough 
it. l^rohahly the free hypochlorous acid is die to the calcium 
hypochlorite in a dilute* sol utkn being to some edtent hydrolysed, 
thu8^ - 

Ca(OCl)2 f 2H2O . ^ (J.i(OH)2 f 2 HO(;i. 

This doubtl(?HH accounts for the fact that solutions ^ bleaching 
powder have an odyur of hypochlorous acid. 

On‘5 similar experiment to the above was made in which the 
solutuui of bleaching powder was kept at a temperature ofabouty 
4ir the whole of the time. In this experiment, also, pra cticall 
nothing but hyj)ochlor(Uis aeid was swept oift, the only difference 
being that, as om^ \?ould expect, the time required was rather less. 

Action of Ordinary Air on Hb aching Pou'der. 

A considerable number of experiments \\»'re jiuide with ordinary 
air, passing it through a tube containing dry bleaching p<Wder, and 
tlu'ii through the solution of urscoiitc. At lirst the action is ratheP 
slow, but, Jis the bleaching pouder gradually becomes wet, the 
action proc(‘cds more and more rapidly. In some of tlu‘ ex{)eri* 
m<‘nts the moisture of the air was purp«)sely increas(‘d hy passmg it 
through a tube containing wit glass wool. In each of the two 
following selves of cxjjeriments the .same tube of bleaching powder 
was used throughout . The 1 iine occupied by each (‘xperiment varied 
from about 24 hours at the beginning to six hours when the bleaching 
powder hail become wet : 


VI. 

Sr ioK'4 1. 



! 


1 (’hlorule 

' lty]><><'hlorourt | 

Ciilc.rino, 


1 

<>\illlS4li. 

j prtHliu*»Hl. 

Hr III. j.r I'l'tit. j 

|)>r ivnt. 

1 

1 

4. ’>4 

1 ^ 4t» 

'» • i 

80 

2 




13 

87 

3 

1 

I l»-3 

li> , 1 


4 


70 1 

i our. 

1 

100 

3 
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SKRtEil 2. 



^ Araenite 

Chloride 

f UypoehlorOuH 

Chlopinc, 

•• 

* oxultinsl. 

% • A _ 

^iroduccHt. 

1 acid, (vr c^nt . 

p.>r ofml. 

r ' 

i 

is:i 

i 

• V 

2 

3-25 

:m 

8 • 

92 

3 

fiO 

1 

(io:» 

1 • 

KMI 

% 

1 





The alK)voVxjx‘rin»‘ntH arc m'krUHl fn»m a (‘oiiHidcrahlo uumt)er, 
md they aU tend to show that, at the outnet, ordinary air aweepa 
^ut from l)leaelun>; powder a inixliire eontainii^g from K<) to 1K> |)er 
3ent of ^hlorine, and from lit to imt eent of hy|M>ehioroii8 aeid, 
but that, as Wie action proc<M*dK, the amount of hypochlitroua acid 
^adually diminiahes, and at last nothing hut chlorine ap|>eani. 
The gradation of the experiments is m»l the same in the two M^rien, 
but that is partly due to tlie fact that some interuu^diiUe ex|MTimenta 
in%>th#ieri^s \^(Te spoiled by going mi to<i li*ug. 

When ordinary air is passed thnmgh a solutitui of hh^aching 
powder (not tiltered, and containing alHuil o to Id per ciMit of the 
jlowder), tjio prop<«'tion of hyj>ochlorouH acid swept out is cemsider' 
ably greater, as indeed one wouhl 4‘\pcct if w«‘ accept the suggi^stiou 
that the hyjsK'hlorous acid is due to hydrolysis of the calcium 
hy|)Ochlorite. As in the case of the dry powder, however, the 
bmount of hypoehlorous a< id gradually diminishes as tin* ex|H*riment 
proceeds, although it does not disap|M*ar altogctln'r. 'I'he following 
experiraents were made with the same solution of lileaching jHiwder, 
in the order in which they are given. In KxjM*riiin*nt No. 4, the 
proportion of hytKichlorous aehi apjsMirs to have risen slightly, hut 
the methml of determining it is not accurate ^•nough to enable one 
to say that the amounts in K.x|H*riments :j and 4 were not sub- 
stantially the same. "Ihe action was very^slow in the first ex{M*ri- 
ment, but much mon* ra[)i<i afterwards ^ 
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. must beapointedTout that the above numbers, showing tlio> 
relative amounts 9 ! hypochlbrous acid end chlorine siFept out of 
the liquid by the air,, do not necessarily represent the^actua^ pro-* 
portions ^sent .at any moment in the liquid ftself 4lyrefis no- 
doubt that chlorine^ being less soluble in water lhan hypochlorouB 
acid, will bo swept ou^ more readily, so that Ac proportion of 
hyposhlorous acid actually present in the liquid is ccrtainlj^greater 
than the above numbers indicate. ^ 

Those results, showing the action of ordinary aia on bleaching 
powder, are very remarkable. The difference between* the action 
of ordinary air and* air from which the carbon dioxide has been 
removed is, at first sight, almost incredible. Whereas the latter 
simply sweeps out from a solution of bleaching jiowJcr (although 
very slowly) practically pure hyjioehlorous aej^, the presence of the 
really very small ngiount of carbon dioxide which usually exists 
in ordinary air causes the action to procei'd much more rapi(]^y 
(although not with anything like the rapidity with avhiSh pure 
carbon dioxide acts), and, after a tinm, has almost the same effect, 
so far as the product is coiU‘eined, as pa.s.sing i)ure carbon dioxide 
through it. 

I have already expressed the opinion that the action of puitw 
moist carbon <lioxide on bleaching powder is the same as that of 
other acids- it is a mass action, and the carbonic acid decompose^ 
both the chloride and the hypochlorite. Whilst one <nay accept 
this exjdanation in the ease of pure carbon dioxidt^ used in com- * 
paratively lajge (|uantities, an I always locally in large excess, it is 
im]H>SHibk* to believe that the small amount of earlxm dioxide 
pnwnt in ordinary air can ai-t in the .same way. We must, there- 
fore, look for some other explanation. 


Tht .-If/ton 0 / Chliitinf on AWuIis a Hevemble Action. 

In fjrmer papers Manchofttr Phil. Soc., 1897, 41, No. 

VIII. ; Jonrn. Chem. Soc., IIKX), 77, 725) I have pointed out that 
the action of ibdinc on alkalis is a reversible one. If an alkali ia 
a^ed to a aolution of i<xiine in water or in potassium iodide until 
thii colour just disap|K»ars^ the addition of (K)ta88iiAn ioHide to the 
«<olution 0(^11808 the liberation cf«8omc of the iodine : — 

* 2K0H + I, KI ( KOI +«,(). ‘ 

The additto of thmextra amount of potassium iodide causes the 
reaction 1 % proceed from right to left in the a^ve expressioii. 
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Also, and this, too» follows from the foot that tlio aotioK h raY«niblo» * 
the amount ^ alkali needed to complete the reaction from {eft to 
right 1^ to temove the colour of the iodine is opnsiderably more* 
than if T^iSred^by the equation, so that the almost^ odourless 
solution of iodide atid hypoiodite always contain^ some free alkali. 

When those ex{)orimonts wort' made, sfinilar ones wen> also 
performed with bromine and alknliM. but antilogous n^ults were 
not obtainwl. fThc reuM»>!i nf this must have Iw'on that ten) strong 
a solution of^hromino was ustn!, bocausc' I find that the reversibility 
of the a<*tinn of bromine on alkalis is quite as sinking as that of 
iodine if a vtTy dilute solution of hrtmiine is etiiployecl. The action 
is not n^^rly easy to see uith (irdiinry Itnunine water, hut if 
this is diluted with 10 to 20 times its hulk of water, and then 
sodium or p<itassium hydroxide added dro|> hy drop until th<^ colour 
of the bromine has dis/»pj)eared, tlie addition of ^rtittle eoueentratod 
solution ^<»f potassium bromide (‘auses a m'uifest liberation of 
bromiii'*. Tfle lil><Tati(in of hromini* is H«‘eii still more plainly if, 
instead of .the solution of potassium bromide, ti eonsideralih* amount 
o^the powdered salt^is nddful. The additUai of the extra potassium 
bromide eausi*s the action to proceed from right to left : 

^ 2K()H I Hi,.' KHr i KOHr | H,(). 

• It is jH'rfeetly reasondde to supposis then, that tln‘ action of 
chlorine on alkalis is also a rcversihk- action- 'riiis has aln*aiiy 
\)een suggested by voii 'FicMnlioIt {ftn'. n't ), who deseribes a nutnW 
of experiments which point to this eoiu'liision. I havw bcsm able 
to demonstrate, by ex|M’rim<ntH which are dcNcrilMsi later, that this 
conclusion is rorn*ct, and it will Is* si*eii that it Hiipplies a p«*rfi5Ctly 
satisfactory explanation of the action of f>rdinary air on bleaching 
• powder, and that it also explains some well-known fiM-ts with regard 
to Borne bleaching solutions which hav«* l)^’n hitherto appan^ntly 
inexplicable. 

If we represent the action of chlorine on mKlium hydroxide and 
on slaked lime thus : 

^2N^H b Cl, ei NaCl + NaOCI f H,() 

and ^ • 

• •-<Ca(0H),4 2a, Caa**f Ca(IKI), | 2j,< 

* It is not sug^sitcd that this equation ropmiont what ootaally ooours in 

the manufacture (K bleaching powder, bflt simply tWI condition of ^uilibrium 
in whieh it exiats when wet or in solutg^n. ^ 
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•ft is plain tki^ the ohforides produced by the action are continuallji 
tending to reverse the reaction^ so that, to carry it to^ hnish from 
*Ieft to right, there ;pust always be a considerable aihouD|)^of fr^ 
sodium^ hydroxi(fe or lime present, ft is a i^ell-SniAi^ fact that 
bleaching powder always contains a considerable amount of, free 
lime, and that it is in^possible to prepare it oth^wise. . If this free 
lime, or a portion of it, is removed, then the reaction will proceed 
in the opposite direction to a greater or less exteijt, anJ chlorine 
will be liberated. , 

A number of experiments were made to test this poiift. A filtered 
solution of bleaching powder was employed, having a specific 
gravity of 1‘03 to l-Ofi in different experiments. In order to remove 
some of the free lime, the solution was exposed air for some 
hours in a shallow dish, with occasional sh|king. The amount oi 
free lime present jn such a solution is considerable, and the latter 
becomes very milky on exposure to air. The liquid was filtered 
from the precipitated calcium carbonate, and air frecifrofn carbon 
dioxide was passed through it and into the arsenite solution in 
the usual way. The following are some of the results obtained : — 


VIII. 
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Most of the separate experiments were made with different 
portiosvs of the solution, which had been exposed to air for different 
lengths of time, so that the extent to which the free lime was 
removed varibti: Doubtless this accounts for the irregularity in 
l^e results^ In all the above experiments the action was much 
ifiore rapid than was thg case with the solution from^which none 
c - of the fr«e lin^p had been removed (see Exps. V., p. 11), th^|apiditY 
evidently depending on the extent to which thuPremoval had been 
oanied. lt«will be ^ted that besideB the large quantities of free 
chlorine produced, in most of the experiments the^ amount of hypo* 
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chlorous acid swept out from i^ne iiquia was very much greater than 
was the case ^ith the solution from wluch no fret) lime had, been 
rqpiovejJ. TMs is quite what on3 would expect;, to occur. The 
hypochtero^s'^fd, a& before stated, is probably due to «hy(^oly8is 
of the calcium hypiddorite in the solution. This ^Iso is a reversible 
action, and one df the products of the hydrolysis i.s free lime, the 
^moval of the lime naturally stimulates this action as well. " 

These expcTiments demonstrati* quite sufhcicntly tlu‘ reversibility 
of the reacticm between chlorifte and calcium Jiydroxide. As the 
free lime is more or less lemovcul, the r(*action proceeds in the 
opposite direction, and ehlorim^ is liberated. In ilie.se expcTiraents 
the tree cHlorine is swept out of the solution, but it is contuiually 
being reproduced, the steady nunoval of the chlorine allowing the 
reverse action to take place continuously, [f the free chlorine were 
removed from tlie solution in any other way, By bleaching, foi 
exan»ple, it wouhl in tlu* same w«iy be continually reproduced as 
long as any oi*the bleaching substance remaiiuul. It follows from 
this, of course, that the bleac^hing actioji of a solution of bleaching 
ponder ^vill be stimulated by tlu* removal of fn*i‘ lime from the 
solution. THis will be referred to again later. 

action of ordinary moist air on bleaehijig powder, both solid 
and in solution, described on p. 12, is now })ei'fectiy intelligible. 
Thb carbon dioxide in the air combines with the fr(‘e lime, and, as 
this gradual!}* dirainislies and finally practi(;ally disapiHjars, the 
reverse action jwoceeds freely, and, of course, chlorine is produced.* 

It is usually understood, and has been frequently stated, that a 
pure solution of hypochlorous acid bleaches more energetically and 
more rapidly than free chlorine. It may ho doubted whether this 

really the casi^. I have pi(q)ared practically pure solutions of 

* It may ba asked, if the removal of free lime*by carbon dioxide u a 
atUfaotory explanation of the fact that ordinary air expels chlorine ^n>m 
>Ieaching powder, would not this also explain the action of pure carbon 
liqxide on bleaching powder, so that there woidd be no neo^is) assume, as 
s done in the first part of this paper, that carbonic acid decomposes chlorides 
rith the liberation of hydrochloric acid ? The author adheres to the latter^ 
ixplanation simfly because the action of carbon ^ioxide is so much more 
apid than that of air. A stream of carbon dioxide through^ solution of 
teanhfhg^iwwder liberates chlorine from 10 to 20 times more*rapidly than 
itr at its quickest, and the action altogether suggests p rapid ai^d complete 
boomposition, such^as is effected by oliier acids, father than the mere 
creeping out of chlorine produced by the r^ersed action. 
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. Mjypochlorotw^acid, arftl compared its aciion with that of a solution 
ol chlorine on various coloftring matters, and I havejlailed to find 
•any evidence of thc^eater activity of hypochlorous ftcid. , Rather 
the combrs^j-y. A^ith a solution of indlgo-carmlne, for4ymf>le, the 
bleaching action ^of chlorine is much more tapid than that of 
hypochlorous acid- i* the case of the latter tTie action is to be 
described as sluggisli, rathei* than rapid. This is an jpiportant^ 
j)oint, because 1 am strongly of opinion tliat in theiuse of solutions 
of bleaching j>owd(‘r and sijnilar sulfetanccs for bleaching purposes, 
most of the actions generally attributed to hypochlorous acid are 
really due to chlorine, and that, in practice, hypochlorous acid plays 
only a minor part in hleacliing. 

It is remarkable how the bleaching action of a solution of 
bleacliing powdciws stimulated by the mere removal of the free 
lime in it. Tf a strip of I'urlvey-red calico is placed in a clear 
solution of hl(‘aching powd(‘r so that it is completely inimersftl in 
the liquid, and if the liquid is kept in a closed vessel so that air 
has no acc('ss to it, there is scarcely any bleaching action •at all, even 
after several days. If, however, the solutioif is placed in a baiin 
or a shallow dish, so that air has tree access, and if a small port^n 
of the red calico is l(‘ft outside tlu' liquid, so that it is reached by 
the solution and the air at the same time, the portion outside 
is bleached quite rapidly, Kurt her, if the coloured calico is com- 
pletely immersed ui a littk‘ (»f the solution contained, say, in a deep 
test-tube, and the test-tube is breathed into about half-a-dozen 
times, shiiidng each time, the calico is very soon bleached. Also, 
whilst, as stated aboxe, a fresh solution of bleaching powder has 
very little, if any, bleaching action on a j)iece of red calico com- 
pletely immersed in it, if (Iu‘ solution has been exposed to air in 
shallow dish for a fc\j hours, with occasional shaking, then a piece 
of r<^d calico completely immersed in it is bleached rapidly. 

A sim}ile but very strikmg experiment wliich illustrates the same 
point is to wytntTse a stri]) of ordinary red litmus paper in a fresh 
solution Qf bleaching powder. The paper is turned blue, and in a 
•short time it is bleached. If, however, imme^ately after it has 
been <Jjpped in the sc!lution„it is breathed upon, it is bleached 
almost instrfntly. A solution of bleaching powder whicE"lfas*been 
weU expo^d to aiv, as described above, bleaches litmus paper at 
once. 
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In all these cases the more rapid bleaching action is simpiy aue 
to the removal of free lime, and I thinic it is plain, also, if r^^ferenoo 
jA myle to^the experiments. Series VIII.,* oi^ p. 10, that the 
prinoipal^b%adhing' agent m chlorine, and not hypochloraus acid. 
Certainly those ^cf>erim(‘nts show that in some gases a considerable 
proportion, of hypochlorous acid is swept o*it, but in all cases the 
rapidity of the bleaching action is roughly proportional to the 
extent to whi(j^ the free lime is rtunoved, and the more completely 
that is done the greater is the proportion of chlorine liberated. 

It is a f^ct, w(‘U known in bleach-works, that an old vat is more 
active than a now one. Tlie reason for this is hbvious. Exposure 
t(^air, especially if the liquid is frocjuontly stirred, gradually 
causes the relnoval of tlie free lime. 

If the action of ^hlorine on lime is, as I think the above 
experiments sufhciently doraojistrato, a reversiWe aotijm, then the 
reverse action must bo stimulated by the addition of calcium chloride 
to the sSlution. Experiments wcto made to see if this is the case. 
After Experiment No. 2 (S(^ri(‘s VIII.) on ]). 10 was linishcd, a 
considerable amount of crystallised calcium chloride was added 
to the same solutioh of bleaching powder and air free from carbon 
^xide passed through it again. The a(;tion became considerably 
more rapid, and the effect of the calcium cliloiide is seen by a 
(^mparison of the two cxperim(‘nts. No. I was before?, No. 2 after, 
the addition«of the calcium chloride. 
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The solution used in experiment No. 6 (Series VIII.) was treated 
in the same way with the following result : — 

1 i 
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These exper^ents show plainly^ that, as awHicipated*, thp reverse 
actum is greatly ii^creased by the adejitior of more calcium c|^oride. 
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Other chlorides, of course, ought to have a similar effect. The 
following experiments show tlie effect of adding common salt to the 
solution. As befoj;e, the greater part of^he free lime in*^hc acJutio» 
was renatoved by exposing it to air. Experiments 1 ai^ ? were 
successive experiments before the addition of tJc/ salt, and No. 3 
shows the effect of tho salt. The salt was addwi in considerable 
quantity — almost sufficient to saturate the solution. 


X. 
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The addition of tlu^ salt in the above ex 2 )erimcnt caused the 
action to proceed much more rapidly. Thus, whilst iA experiment 
No. 2 it took 20 hours to oxidise 5*25 c.c. of the arsenitq solution, 
in experiment No. 3, 6*53 c.e. were oxidised in fojir hours, tho earbqp 
dioxide-free air passing through at approximately the* same rate 
in both experiments. 

Experiments were also made to see the c‘ffcct of the addition of 
calcium chloride and .salt to an ordinary solution of bleaching 
powder, without romvoing any of the free lime. Thef free lime in^ 
the solution, of course, tends to stop the reverse action, so that the 
effect of addhng calcium chloi ide or salt to the solution is not nearly 
so great as when the free lime is first removed. The following is 
the result of the two experiments tried. 

To No. 1 calcium chloride was added, and to No. 2 common salt 
— both in large quantity. The action proceeded very slowly indeed 

t 

* TMe apparently complete disappearance of hypochlorous acid indicated 
in experiments 2 (IX.) and 3 (X.) is very remarkable, and seems difficult to 
explain. It is claimed, however, that tho method used for determining 
the relative amounts of chlorine and hypochlorous acid is perfectly accurate 
Ite* doubtfufwhether it would be possible to determine very small proportions 
of hypochlorous acid by it. ^ It must also be borne in nftnd (fte p. 14) that 
• chlorine i| moi^ easily swept out fnpm the solution than hypochlorous acid, 
so that it is poiAible that the latter does not altogetherglisappear.* IT>8sfbly, 
also, von Tiesenholt’s explanation (see p. 10) may apply here, and the 
hypochloipus acid may he all decomposed by the large qiuiitities of chlorides 
present^ the solution. 
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in both experimental but the results* are sufticienf to show that, 
oven in ordinary bleaching powder solution, the addition of dhloridea 
lias a* Sensible ^ffeijt in re^’trsing the action 
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It foUofts from the abovt* (‘.\]^>eriments that the addition of 
Eilcium oliloride or salt to a solution of blejRjhing |)owdor must 
^ 4 ltrciso*a stimulating effect on the bleaching action of the solution. 
This is ^ctiial^' the ( asc. If some of the free lime has been removed 
From the solution, tho^*ffcct of the addition of considcTablo amounts 
of calcium chloride or salt on tJio bleaching action is v('ry striking. 
\^th bleaching powdtT solution in its ordinary statt*, containing 
the usull amount of free lime, the (effect on its bleacliing action of 
adding calcium chloride or salt is, for the reason pointed out above, 
not nearly so grc‘at, altliough it is ({uite suhicicntly markt*d. 

* I undcfstand tlfat it has been found, in actual bl(‘<aching, that 
addition of either calcium chloride or .salt stimulates the action, 
but I am not aware that any satisfactory (‘xplanition of this 
stimulating effect has hithertf> been given. It may perhaps bo worth 
the while o^practical bleachjTS to note that tlu‘ addition of calcium 
chloride or salt has a much greater effect when some of the free 
lime has been removed — by exposing the solution to air,rfor example. 

Bleaching solutions made by the electrolysis of a solution of salt 
have latterly come into considerable use, and 1 understand that 
the fact has been freciuently noted that a sc lution of sodium hypo- 
chlorite thus piepared is moie active than a solution of sodium 
hypochlorite, containing tlu? same prc>portiwi of available chlorine, 
prepared by the addition of sodium carbonate; to a solution of 
bleaching powder and allowing the precipitated calcium carbonate 
to settle. The explanation this is obvious wher^ is understood 
that, in preparing the electrolytic bleaching solution, only a smaJl 
fraction of4he »alt in the solution is usually decomposed. TRe 
solution thus differs from that made by the oth^ mnt^hod by ’ 
coittamuTg a largctimount of salt, and the effect of thlk is to increase 
the reverse action and so to liberate chlorine^3h the sokition. Also 
in the electrolysis of the sdlt, chlorine and sodium hydroxide are 
fSrodyced in exactly equivalent proportions, so that ^here 'cannot 
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be a sufficient' amount of Uie latter to absorb the whole of the 
ohlorine^. Under these conditions, the reversing action Jf the excess 
of salt will naturally T)o very considerable. Thf grgatv bi^hing* 
activity of such a solution is therefore perfectly nj^iraJ, arid exactly 
what one would e.’fpcct. 

c 

Nummary. 

1. The action of carbon dioxide on^bleaching p(jwder and similar 
substances results in the liberation of chlorine only — no h^ix)ohlorous 
acid. The conclusion is drawn that the action is like that of any 
other acid, and that carbonic acid decomposes both the ^chlorjjje 
iind the hypocliJoritc in tho bleaching ])owder. It foliows from this 
that the action of hydrochloric acid on (carbonates is a reversible one. 

2. Ordinary mr^t air acts on solid bleaching powder, liberating 
at first both chlorine and hyjiochlorous acid, tho former in much 
the larger amount. After a time nothing but chloiine^is produced. 
When ordinary air is passed through a solution of bleaching powder, 
a mixture of hypochlorous acid and chlorine is swept out, at first 
in about ecjual amounts ; but, as tho experilnent proceeds, tht 
former diminishes, end the latter increases to about 90 per cenJ^j 

3. Tho action of chlorine on alkalis, like that of iodine and 
bromine, is a reversible one, as stated by von Tiesenholt. If the 
free lime in bleaching jiowdor is removed, this causes the reverse 
action to proceed, and thus chlorine is liberated. This explains* 
the action gf ordinary air on bleaching powder. The leversibility 
of the action also explains the stimulating effect on bleaching 
which the addition of calcium chloride or of salt causes in a solution 
of bleaching powder. 

4. In the ordinary iirocesses of bleaching the active bleaching 
agent is probably free chlorine, hypochlorous acid playing only a 
minox^part. 
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THE ACTION \)F CHLORINE ON ALKALIS AND OF 
CARBON DIOXIDE ON BLEACHING POWDER. * 

From tlie Transactions of the Chemical Society, 11)11, VoJ. 99. 

[n a former paper (see l*aper No. 1) I stated i)|y coiieliisiojis that 
the action of chlorine on alkalis, like that of broinino and of iodine, 
is a reversible ene, anl that tie*, action of carbon dio. tide on bleaching 
powder and similar substances is like that of othiT acids, the 
carbonic acid dcconipitsin^ both the hypoehlorit^* and the chloride. 

Those conclusions are controverted by »S. H. Higgins {Journ. 
Chfm. yill), an l it appears to be necessary to n^ply to some 
of his criticisms. 

1 had f)ointed out that if the action of ehloiine on alkalis is a 
reversible ojie, the adtion would be leversi'd either (a) by the removal 
o^g^ec alkali, or (6) by the a<idition of chlori(h‘S to the solution, 
f showed by actually sweeping it out from tin* solution that free 
chlorine is devoloiKjd in a solution of bleacliing powder (a) by the 
rfimoval of free lime, or (/i) by the addition of chlorides ; in the 
latter ca.se, however, to only a slight extent unk'ss some of the free 
lime is removed first. T further pointiid out that the cjpvelopment 
of free chlorine naturally stimulates the bleaching action of the 
solution, and described (‘xpeiiinenfs showing that the bleaching 
action of a solution of bleaching powder or of sodium hypochlorite 
is much more rapid after the removal of free alkali, or on the addition 
of common salt or calcium chloride, |)rovidej| there is not too much 
free alkali present. 

Higgins says (1) that it is not .so much the removal of the 
free lime from the solution as the further actioi^/af the carbon 
dioxide of the air on the solution after the free lime has be^n removed 
that increasq^ the j)leaching elHciency ; (2) that the action of comnfOjt 
salt and of calcium chloride in increasing^the bleaching efficiency 
is due “ fo the ingreased attraction of the carbon efioxide of the 
air by the salt solution ” ; (3) that other nei^^ral salts of sodium 
have an effect Kmilar to that of the chloride in stimulating the 
Reaching action when used in equivalent amounts. 
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^ith regafd to (1) anc^ (2) it is sufficient to point out that, 
jbi the great majority of the autlior’s experiments, aftet the removal 
of free alkali or thf addition of salt or caicium chloride t^he Aolutioif , 
air ha(? nd access to the solution ; or, when air wagf u^d, for 
example, for sweeping out the chlorine and hy/ochlorous acid in 
the solution, the carbfin dioxide was removed from it -first. Also, 
in tlio case of further experiments presently to be described, all of i 
them were performed in closed vessels, to which ai# had no access. 
With regard to Higgins’ statement (S) that “ other ne^utral salts of 
sodium have an effect similar to that of the chloride in stimulating 
the bleaching actfon,” it was considered desirable that further 
experiments should be made. # * ^ 

Sodium hypochlorite solution was prepared in three different ' 
ways : (1) by j)assing chlorine into a coid solution of sodium 
hydroxide, (2) b 3 ^preci})itating an aqueous solution of bleaching 
powder with a solution of sodium carbonate, so that tlje filttred 
liquid gave no precipitate with either of the solutioifi, and (3) by 
exposing a solution of bleaching powder to air in a slyjllow dish 
for a few hours, in ord(*r to remove some of tl^ free lime, and tlqn ^ 
precipitating as in (2). * 

In 2 )reparing the hypochlorite by method (1), if the chlorin?fi' • 
passed in too long the solution smells of free chlorine, and bleaches 
very rapidly, and it is desirabh' to add more of the alkali. This 
was usually done until the odour of free chlorine had* disappearc 
and then the solution was diluted with ^^ater until it was of such a 
strength to take a r(*asojiable time for each experiment in 
bleaching. 

The rate of bleaching was simply the time required, in 
comparative experiments, to more or less completely discharge 
the colour of similar small 2 )ieo(*s of turkey-red calico, previously* 
wetted, and then imiffersed in the solutkns. 

The various solutions of hypochlorite were tried (a) alone, and 
(b) mixed >\ith varying equivalent amounts of sodium chloride, 
sodium sulpliJftc, and sodium nitrate. In some experiments the 
Iglts wore \veighcd out and added in the solid state to the solutions, 
tut more frequently measured quantities of standard Elutions were 
used, cintaij^g respectively 117 grams of common salt, ^22 g^jams 
of crystallised sodium sulj)hate. and 168 gram? of sodium nitrate 
per litre.* ‘In all%ich experiments the bleaehi|ig solution with 


• Thcsi' solii^ionA are 2K. 
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which comparison was being made was diluted with water in volume 
equal to th# amounts of the standard solutions used. • 

. Tho res^s of a great niq;nber of experimerrts ^pay be summarised 
as foDowj^ : — 

J. — If the solution of the liypochlorite contains a considerable 
excess of free alkali, its bleaching action ^s extremely slo\i^ In 
some experiments, wlien the excess of free alkali was considerable, 
very little blehching occurred, even after several days. In such 
solutions tl^ rate of bleaching is almo.st unaffected by the addition 
of any of the salts at>ove mentioned. When any appreciable effect 
does occur, there is very little difference in the effects of the different 
sSRs us^d. anything, the sodium chloride has a rather greater 
effect than either the sulphate or the nitrate. 

II. — With solutioifs of hy])ochlorite prej>are(Jby m(,‘thod (1) (st^e 
above), in which only just .sufficient alkali was pn'sent to prtwont 
tllR odoiir oyree chlorine in the solution, many different exporimenta 
showed that sodium chloride accelerates the bleaching action very 
considerably, while sodium sulphate and .sodium nitrate have little 
(»r no action. In .wme exp(‘riments. ind(‘ed, the sodium sulphate 
s^flpeared to have a distinctly retarding (‘fleet on the bleaching, 
^e following are two experiments out of many that wcto tried : — 

A. Five c.c. of the .solution of .sodium hyj)ochIorite were used 
ih each case. This was niix<‘d with 5 p.c. of (a) water, (6) 2N- 
isolution of sodium chloride, (r) 2iV-.solution of sodium Hulphat(‘, 
(d) 2i\r-solution of sodium nitrate, in {b) tin* Turk(jy*red calico 
was completely bleached in 22 minutes, whilst {a), (c) and {d) all 
took 35 minutes. 

B. Same as abo^e, but uith a different .solution of hypochlorite. 
In (a) the calico was blcach(*d in 30 minutes, in {h) 20 minutes, 
in (c) 40 minutes, and in {d} 30 minutes. ^ 

III. — Sodium hypochlorite j)re|)ared by ra(;thod (2) (see )|bove), 
seeing that solutions of bleaching powd(‘r are always strongly 
alkaline, naturally ^^ill also contain a considerably^ amount of free 
alkali. The solution therefore bleaches very slowly ; but if it has 
been very Cj^refiJly prepared, so that there is no excess of sodftin 
carbonate, it practically behaves like tbe solution prepared by 
method "I. ; its ly)eaching action is distinctly accejferatea by the 
addition of sodium chloride, while sodium fulphate^and nitrate 
have little or n6 effect. If, Jiowewr, in prepEring the soliXion, any 
considerable exce.ss of sodium earbfiiate is used, this has •almost 
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ihe same effeA as free all^li. The bleaching action is greatly 
r^^tarded, and non* of the sodium salts has any considerable effect 
in accelerating it.«* • * 

IV.— ^hfe solution of sodium hypochlorite pr^uared bf method 
(3), behaves in almtst exactly the same way as Aat jjrepared.by 
method (1) ; its bleaclfing action is greatly aecu*lerated*by sodium 
chloride, and hardly at all by equivalent amounts of sodium sulphate 
and nitrate. * 

As already pouited out (p. 24), alf the above experiments were 
performed in closed vessels, so that air (other than the small 
amount ^^’hich was ^already in the vessels) had no access ; there- 
fore the acceleration of the bleaching action could i^ot h^ve bffih 
duo to carl>on dioxide, as suggested by Higgins. 

These additional experiments amj)ly confli’m my view as to the 
reversibility of the*aetion of chlorine on alkalis. 

t • * 

Thp Action of Carbon Dioaidc on Bkaching Powder. 

Higgins {loc. cit.) also objects to my suggestioji that fhe action 
of carbonic acid on bleaching powder is the satn(‘ as thiit of otheV 
acidri, the carbonic acid decomposing both the hypochlorite .wl^ 
the chlorid(5. This view would be represented by the following 
equations : — 

(1) Ca(OCl)2 + H./) 1- CO 2 - CaCOa , 2H()(1 • 

(2) CaQa + HgO 4 CO.^ = CaCOg + 2H(d. 

(3) 2HOfll + 2HC1 = 2H.p + 20,. 

Instead of this, Higgins suggests that the* aetimi may be 
represented thus : 

(1) Ca(0a)2 + H. 2 O 4- C0.> I 2H()(d. 

(2) 2H0a 4- CaGla *4 (^>2 = GaCOg 4 H.^O 4- 2C1,. 

On comparing these it is obvious that there is really very little 
difference bet^en them. Higgins' equation (2) is simply a 
combination of my (2) and (3). 

^iliggins’* equation (2) represents what is no ^oubt a complex 
action, and dividing it into two, as I suggest; simplifies it very 
•considerSbly. * As Higgins points out, the react i(gi is the wvers^ of 
Williamson’s reaction for the effect of chlorine, on water containing 
«aloium sarlibnate in suspension. • • 






TT ^ 




rAr\ 



AND OF CARBON DIOXIDE ON BLEACHING POWDER. 


27 


This also is a complex action, and doubtless take^ place in two 
steps, the firA being the action of chlorine on w&ter (a reversible^ 
action)^ and the^ecqpd the (^composition of calcium carbonate by 
hydrochlorlb acW 

(1) 2 H 2 O + 2UJ% 2HOC1 I- 2HC1. 

(2) C%C03 4- 2Ha = CaClj j- H,0 + CO.»- 

I remember* quite well that Williamson, in the sixties and 
’seventies of ^ast century, taught, in his lectures, that chlorine acts 
on water in the way represent(‘d above. did not say in so many 
words that the. action was a reversible one, buf he probably had 
suflP a thing jn his mind. He stated in his “ (Mieinistry for 
Students,” of which the last edition was published in 1S73, that 
a solution of chlorine m watcT always contains both hypochlorous 
acid and hydrochloric acid, ajid that the presenc^of the latter was 
proaed hj 'the fact that silver cldoride w'as jnecipitated from it 
when silver ihtrate was added. There is hardly any doubt that 
Williamsoj^ would have offered the same ex])lanation of thi^ action 
^of chlorine on water and calcium <‘.arbonate as the om‘ suggested 
above. * 
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ihe same effeA as free all^li. The bleaching action is greatly 
r^^tarded, and non* of the sodium salts has any considerable effect 
in accelerating it.«* • * 

IV.— ^hfe solution of sodium hypochlorite pr^uared bf method 
(3), behaves in almtst exactly the same way as Aat jjrepared.by 
method (1) ; its bleaclfing action is greatly aecu*lerated*by sodium 
chloride, and hardly at all by equivalent amounts of sodium sulphate 
and nitrate. * 

As already pouited out (p. 24), alf the above experiments were 
performed in closed vessels, so that air (other than the small 
amount ^^’hich was ^already in the vessels) had no access ; there- 
fore the acceleration of the bleaching action could i^ot h^ve bffih 
duo to carl>on dioxide, as suggested by Higgins. 

These additional experiments amj)ly confli’m my view as to the 
reversibility of the*aetion of chlorine on alkalis. 
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Thp Action of Carbon Dioaidc on Bkaching Powder. 

Higgins {loc. cit.) also objects to my suggestioji that fhe action 
of carbonic acid on bleaching powder is the satn(‘ as thiit of otheV 
acidri, the carbonic acid decomposing both the hypochlorite .wl^ 
the chlorid(5. This view would be represented by the following 
equations : — 

(1) Ca(OCl)2 + H./) 1- CO 2 - CaCOa , 2H()(1 • 

(2) CaQa + HgO 4 CO.^ = CaCOg + 2H(d. 

(3) 2HOfll + 2HC1 = 2H.p + 20,. 

Instead of this, Higgins suggests that the* aetimi may be 
represented thus : 
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On comparing these it is obvious that there is really very little 
difference bet^en them. Higgins' equation (2) is simply a 
combination of my (2) and (3). 

^iliggins’* equation (2) represents what is no ^oubt a complex 
action, and dividing it into two, as I suggest; simplifies it very 
•considerSbly. * As Higgins points out, the react i(gi is the wvers^ of 
Williamson’s reaction for the effect of chlorine, on water containing 
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oommeroial article, as it contained ♦Via« 50 po® cent of fr^ 
lime. 

• Kopfer siyumariscd his results as follows ;-<« ^ 

“ If*to ^ soliilionVf bleaching powder, or to the sam^siAstauce 
in the dry state, ^ilute mineral acid, such as n^^ric, hydrochloric, 
or sulphuric be adaed in such quantity as th saturate the caustic 
felime and. to decompose the hyi)ochiorite supposed to be present 
according to Gay Lussac's hypothesis, then, on distillation, an 
aqueous Solution of almost claunically pure chlorine monoxide is 
obtained, which amounts in tlie most fa\'ourable easc^ to about 
92 per cent of the chlorine monoxide as correfljamding with the 
th^netiodl hyj)ochIorit(‘ . ' ' 

* Recently, one of us (see l^aper I., p. 5) described a method of 
distinguishing between# hypochlorous acid and free chlorine, and 
of determining the proportions of each in a mi?<ture of the two. 
Th««nethq(l depends on the fact that, for the same amount of chlorine 
present, the o^cidising action of hypoehlorous acid is twice as great 
as that of JEree chlorine. To a mixtures of tlu^ two substances an 
^^excess of sodium arsqpite is added. Tlie liquid is th(*n divided into 
two equal parts ; in one part the amount of ars(*nite oxidised is 
^^termined, and in the oth(‘r tin* amount of chloride jnoduced. 
The proportions of the two substances in th(‘ mixture can then easily 
be*calculated. 

» • In the present investigation the above very sim|>le and yet fairly 
accurate method has been ai>plied to a re])etilion of some of 
Kopfer’s experiments, extending it also to tlie action of acids 
other than those described by him. In all these experiments the 
chloride present in the second half of the arsenite solution was 
^determined by Volhard’s method, which is certainly more rapid 
and apparently quite as trustworthy as the one described in the 
former paper. 

The bleaching powder used for most of the experiments was a 
fair average sample, analysis of which gave the follay^ing figures : — 
Total chlorine *= 39*05 per « Hnt. 

Available chlorine = .34*63 „ 

Total lime (CaO) , « 44*8 „ 

4Free lime = 13*1 „ 

Assumiiig th# bleaching powder* to consist of calcium chloride 

and calcium hypochlorite, then lOO^ams of it would contain 

•a 
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ihe same effeA as free all^li. The bleaching action is greatly 
r^^tarded, and non* of the sodium salts has any considerable effect 
in accelerating it.« 

IV.— ^hfe solution (ji HOQiura iiypocmoriDe pr^^reci oy incDnoa 
(3), behaves in almtst exactly the same way as Aat jjrepared.by 
method (1) ; its bleaclfing action is greatly ac*cu*lerated*by sodium 
chloride, and hardly at all by equivalent amounts of sodium sulphate 
and nitrate. * 

As already pouited out (p. 24), alf the above experiments were 
performed in closed vessels, so that air (other than the small 
amount n hich was ^already in the vessels) had no access ; there- 
fore the acceleration of the bleaching action could i^ot h^ve bffih 
duo to carl>on dioxide, as suggested by Higgins. 

These additional experiments amj)ly confli’m my view as to the 
reversibility of the*aetion of chlorine on alkalis. 

The Acliou of Carbon Dioaidf on Bkaching PSwder. 

Higgins {he. eil.) also objects to my suggestioji that fhe action 
of carbonic acid on bleaching powder is the satn(‘ as thiit of otheV 
acidri, the carbonic acid decomposing both the hypochlorite .wl^ 
the chlorid(5. This view would be represented by the following 
equations : — 

(1) Ca(OCl)2 + H./) 1- CO 2 - CaCOa , 2H()(1 

(2) CaQa + HgO 4 CO.^ = CaCOg + 2H(d. 

(3) 2HOfll + 2HC1 = 2H.p + 20,. 

Instead of this, Higgins suggests that the* aetimi may be 
represented thus : 

(1) Ca(0a)2 + H. 2 O 4- C0.> I 2H()(d. 

(2) 2H0a 4- CaGla *4 (^>2 = GaCOg 4 H.^O 4- 2C1,. 

On comparing these it is obvious that there is really very little 
difference bet^en them. Higgins' equation (2) is simply a 
combination of my (2) and (3). 

^iliggins’* equation (2) represents what is no ^oubt a complex 
action, and dividing it into two, as I suggest; simplifies it very 
considerSbly. * As Higgins points out, the react i(gi is the wvers^ of 
Williamson’s reaction for the effect of chlorine on water containing 
calcium sarlibnate in suspension. 
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mtain about 4>o grams of HOCl per litre. It be observed 
lat with 80 or 90 c.c. of acid the diAillate is much stronger, but 
contains a^greater proportion of chlorine. * 

Thb fi^es feDr<*scnting the proportion of hyiK)chlortjPii8 4cid and 
dorine in the (fcfillate arc not of much valutj Ix^yond the point 
here 70 c.c. of acid were u.sed, because, «is the amount of free 
dorine. increases, the whole of it is not conilensed in the distillativ 
[; begins to esoape about tlie j>oint ref(‘iT<‘d to. and, ns the amount 


Distillation with SiiLiMnutu 
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Volume of 


(/'hiondi- 

Jlvpocllloious 

Chloi-iui-. 

in o.c. 

oxidist'd.’ 

produerd. 

lU-id, pi-i cyiit . 

r-i'ut. 

• f 

• 




30 

0-4 

0-2 

loo 0 

0-0 

• 





40 

68, 

3-45 

97 

3-0 


8-Gi) 

4-5 

92-2 

7-8 


9- 15 

4-75 

92 0 

1 7-4 

• 60 

16'3 

8-85 

84-2 

15-S 


• 1005 

8-8 

82 4 

17-0 

70 

24-55 

1 14.4 

70-5 

» 29-5 


24-0 

1 14-15 

73-S 

20-2 

80 

30-05 

1 

740 

25-4 


31-05 

17-9 

, i 

20-5 

90 

34-1 

1 

1 19-35 

1 «0-0 

24-0 


33-4 

18-8 

! 77-7 

22-'^ 

100 

24-0 

14-0 

i 71-4 

28-0 


28-55 

17-1 

! 07-0 * 

33-0 

160 4 

> 1G>15 

8-3 

i i 

22-3 

77'7 

• ^ 

10-76 

8-75 

0 

^ 22-9 



0 




200 

7-05 

7-25 

0-0 

100-0 


,9-1 

9-35 

j i 


" 100-0 
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•of aoid is furtjier increased, more and more, and finally most of it, 
^scape^.'*' Theretpre, in thS accompanying curve, tljp progress of 
*bhe alteration in the reaction is indicated by the gradual diminution 
of the Umount of hypochlorous acid. These* reAarL ajllply to 
the oases of the other mineral acids as well. 


Tabj.k 11. 


Distillation* with Hyi»roohlor!c Acin. 


Volume of 
Af-HCl, 
in o.c. 

! 

Arseni 

oxidised. 

1 Chloride 

I produced. 

! 

Hyiioohlorouh 
acid, per cent. 

Chlorine, 
per cent. 

40 

j 4-0 

2-0 

100-0 

! ‘khi •' 

, r> 

50 

11-25 

5-8 

94-0 

1 . 


11-2 

5-75 

94-8 

• 

j * 

00 

17-4 

9-5 

83-2 

1 16-8 


17-0 

i 9-45 

1 

80-0 

20-0 

70 

24-2 

1 14-1 

71-6 

28-4 


24-4 

j 14-05 

73-7 

• 26-3 

80 

, 29-25 

! 17-0 

72- 1 

27-9 


29-3 

17-0 

72-4 

27-6 

90 

27-6 

16-5 

1 

67-3 

;J2-7 


29-1 

17-25 

68-7 

31-3 

100 

21-05 , 

13-05 

65-9 

341 

e 

21-3 

13-0 

63-8 

36-2 

120 

9-5 

8-15 

16-6 

83-4 


♦ 75 

7-8 

12-2 

87-8 

— 

6-9 

6-9 

c 

0-0 • 

• 100-0 ' 

^ 


* The irregulltr way in which the free chlorine escaids n probably one of 
the causes of tjie obserted irregularities in the results. 
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Table 111. 

Distillation with Nitric Acid. • 


• 

Volume of 
N-acid, 
in t.e. 

^ • 0 

AraenTj^ 

oxidised. 

i 

Chloride 
produo 3d. 

Hypoohloit^s 
aoid» pur cent. 

Chlorine, 
per cent. 

20 

01 

(*•05 

100-0 

0-0 

30 

01 

0-05 

1000 

0-0 

4E 

^4-4d 

2-26 

08-0 

2-0 

50 

11-8 

6-1 

03-4 

6-6 


111 

6-65 

96-5 

35 

80 

17-50 

0-25 

89-7 

10-3 


•l3-5 

7 05 

01-6 

8-5 

70 

20-0 

11-35 

81-5 

18-5 


22 05 • 

12-16 

81-5 

18-5 

iB 

BO 

28-2 

16-1 

75-2 

24-8 


28-85 

10-25 

77-5 

22-6 

(K) 

,34-5 

20-75 

70-6 

20-4 


36-4 

20-65 

76-2 

23-8 


29-2 

16-8 

73-8 

^26-4 

100 

36-85 

21-4 

72-2 

27-8 


38-0 

21-75 

74-7 

26-3 

120 

21-6 - 

1 

12-85 

08-1 

310 


24-4 

14-1 

73-0 

• 

27-0 

140 

13-0 

8-7' 

49-5 

50-6 ' 


12-75 

8-9 

43-3 

56-7 

150 

7-6 

7-4 

2-7 

07*3 


8-2^ 

1 

12-3 

*87-7 

\9o 

7-86 

1 7-0 

J2-1 

87-0 

• 

7-1 • 

1 7-05 

0-7 

09-3 


6-0 

1 6-0 

0-0 

,100-0 
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It will be observed that the above results do not altogether 
agrce^ with those of Kopf8r: It is plain that, with an amount of 
acid just a little nyore than what is required to neutralise all the 
free litie,*a distillate is obtained whicii is a mo^craiel/conc^ntrated ' 
solution of almost pure hypochlorous aeid, and if), this Aspect there 
is very little diftcrcpce between the three afiJfds employed } but 
(r Ad here is the principal difference between our results and those of 
Kopfer) long before the amount of aeid is suffieitnt to decompose^ 
the whole of the calcium hypochlorite theoretically present in the 
solution (sec p. 29), the proportion of hypochlorous j;citl has fallen 
to about three-quarters of its original amount, and considerable, 
quantities of chlorine have begun to be evolved. After the^oint 
at which all the hypochlorite theorcticaUy present is decomposed, , 
there is, as would be expected, a rapid drop in the amount of the 
hypochlorous ac^ produced, and this drSp is more rapid in the 
case of the hydrochloric acid than with the other acids, because 
immediately there is an excess of hydrochloric acid^it (iccompffses ‘ 
some of the hypochlorous acid, whereas the other acids have first 
to liberate some hydrochloric acid from the calcium chloride present. 

The curves in Fig. 1 represtnt the action of thp three acidi* 
already described. The point where two of them are qjmost 
horizontal, and in the other an actual lise in the proportion 
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hypoohlorous acid is shown^ is very near where the agiount of aefti 
is just sufHci^t to neutralise all the free lime and to decompose 
^ all the hypochlorite present^ 


Taui.k IV. 


•DTsTILLATION with AfKTH- Aiin. 


^olumo of 



• 

A/^-acid, 

} ArrttMlit > 

Ciilorido 

Hj'liofhloroiw 

in c.c. 
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J • 
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1 ' ’ 

1 

20 

00 

0 0 

j 

:J0 
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0-0 


• ii! 

0-8 

» 

i 0 :i.‘> 

1 

Khm) < 

/iO 


. 4 1.5 

1 looo 1 

00 

1 1 1 •,-) 

1 .5.9.> 

1 03 3 1 


ll-.-> 4 
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1 

1 04 0 

1 • ! 

70 

! . I.V.*! 
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I HS 0 1 


L 




r 
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1 HO-I 1 

vSO 
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lo 4.‘» 

i 

TO {) 1 


1 18- 1 

• 

to 0 

81-0 

1 

<:4 

211 

1 2-3.5 

70-8 ’ 



1 1 -9.5 

71-1 ! 

400 

22 1) 

13 4 

70-0 j 

1 

! •2:i-9 

i 

NO 1 

' 70 7 i 

120 1 

j 2 .v:{r, 

14-4.5 1 

7.5 4 


2.‘)-4.") 

1.5- 1.5 

08 0 : 

i 

20-0 

1 

1.5-1 

72-2 ! 

140 1 

1 

I 2.>-0 

1 5-0 

01 0 ! 


2:)i} 

1 .5-7 

03-1) 




• ' 

l.'iO 

2.'’r4 1 

1.5-8 

0O-8 


2") -8 j 

,.VH 

t»3-3 

170 

20-0 

1.5-7 

.50-2 


iryoC) 1 

l,5-.5 

04-8 

200 

24-.JO 

1.5-3 

00-1 


24*«» ' 

1 {5-;5 

• 

.^•1 

• 

1 



2r)0 

225 

1. 5-0.5 

49-5 


23i 

1.5-25 

.51-5, • 


20-8 

i!1-55 • 

.53.5 

• 


Clilorinr, 
p»r o»‘nt. 


0 O 
0 0 

•'f I 

Ml 

KM) 

20- 1 
l !)0 

2 ‘)l> 

2H’() 

21M 

2 IMI 

•J 4 e 

:i 2 l) 

27-K 

:I 90 

;n(» 

;iu -2 

:io-7 

• 

40- 8 

«n-2 

;i 9-9 

41 - 9 ^ 

•4f.(4 

46-6 
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Table V. 

Distillation with Phosphobio Aoid. 


^ 



• * 

• 

Volumo of 
.V-acid, 
in c.c. 

c 

oxidised.* 

Chloride 

produced. 

• ( 

Hypoclilorous 
p.cid, p irtCont. 

Chlorine, 
p3r ceilt. 

40 

3-4 

1-65 

100-0 

0-0 



c 


0 

50 

11 - s .-) 

5-85 

94-0 

^ 6-0 


9*4 

4-9 

- 91-8 

8-2 

60 

15-8 

8-8 

79-5 ,■ 

* 20 - 6 ^ 


16-55 

8-55 

81-9 

19-1 

70 

2 VO 

12-25 

• 71-4 

28-6 


21-0 

12-25 

71-4 

28-6 

80 

24-85 

14-65 

69-6 * 

• 

30-4 


26-45 

15-6 

69-6 

30-4 

« 

90 

32-7 

19-1 

7 t -2 

« 28-8 


30-5 ’ 

17-75 

71-3 

28 --^ 

100 

32-85 

19-4 

69-3 

30-7 


34-05 

20-2 

68-6 

31-4 

120 

33-25 

20-3 

63-8 

36-2 

i. 

32-0 

19-75 

62-0 

38-0 

140 

29-15 

18-5 

57-6 

42-4 


30-15 

19-0 

68-7 

41-3 

150 

29-4 

18-75 

1 

I 56-8 

43-2 


30-0 

« 

19-2 

1 56-2 

43-8 

^70 

24-45 

15-95 

53-3 

46-7 


27-2 

17-2 

58-1 

41-9 






200 ^ 

24-95 

16-35 

52-6 

47-4 

250 

21-6 * 

14-2 

62 - 1 * * 

47-9 


t 21-9 

* 14-9 

47-0 

^ 63-0 




• 



Tke^ action of Ucetic and phosphoric acid^is evidently very 
different from that of the stronger acids. As with those, ^en 
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tho amount of acid is only a iiitio more man is require^i to ncuiraliie 
the free lime, yie distillate is almost purely pochlorous acid, although 
in the case o^ «cetic acid it i| considerably woaicer. As tho amount* 
of aci(F is incretf^d; also, free ehlorinc^ begins to be e\^l\^d long 
before the acid i^aitfficient to decompose the whole of the hypoch- 
lorite present. Tift diminution in the an»>i.nt of hypoehloroiis 
acid proceeds much more slowly thtn in tlu* ease of tho stroiiger 
acids, and even with so large an amount of acid as 250 o.c. tho 
amouitt^l Ifypoehlorous aeid«in the distillate does not ffdl much 
below 50 per cent. 

The curves in Kig. 2 repn‘S(nt the aeti<»n of aeetie and phosphoric 
aaidft. in jjjig. 1, tin* ])oint wluTe the aeid is just about sullicient 
to neutralise the free lime i nd to deeomposi‘ all the hypoehlorit-e 
present is plainly indicated. 

The Action of Boric Acid on Bhac/iinff Pomhr. 

.1 Convenient Method of Preparing a Solution of Uypochlorous Acid. 

It is inown that boric aeid lilx'rates hypoehlorous acid from 
bleaching powder, f^auch (Her., 18S5, 18, 2287) took advantage 

Fio. 2. 



Continaoiu curre — » C/H4O7. 

•Broken ,, HjPO*. 

of this for the Reparation of some additive /;ompouiitis hypo- 
chlorous acid. 
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* the tw 4 > constituents of bleaching powder, boric acid appears 
to be* only able 4o decompose to any considerable ^xtent one of 
them — the calciiyn hyiJochlorite ; so ^hat, when bleaghing powder ^ 
is distilieef with boric acid, there is never muchfte^chlori(JepA)duced, 
and there is no difficulty in obtaining practic^y pure solutions 
of hypochlorous acid* 

The best conditions for this purpose appear to be to distil th( 
bleaching powder with about 30 times its weight of water an( 
twice its weight of boric acid. So long as this proportifrf^i watei 
is maintained, it makes very little difference as to tfie amount o: 
boric acid employed ; it may even be increased to three times th< 
weight of the bleaching powder. If, however, mujh less waiiev^ii 
used, more free chlorine is produced. 

If 10 grams of bleaching poAvder arc (^stilled with 300 c.c. o 
water and tny Anount from 15 to 20 grams of boric acid, fron 
50 to 100 c.c. may be distilled off, and this will be a'> ^ractiq^h 
pure solution of hypochlorous acid, giving only a slight immediah 
turbidity with silver nitrate. This appears to us to be the simples 
method of obtaining a solution of hypochlorous acid, as any ordinary 
variation in the proportion of acid and bleaching pdwder makei 
little difference in the result, so long as a sufficient amount of ^ate: 
is used, and there is not the difficulty of trying to avoid local excess 
of acid such as occurs when the stronger acids are employed. ,, 

The solution of hypochlorous acid so prepared i» usually from 
,1*6 to 2i\r/10, and contains from 4 to 5 grama of pure hypochlorous 
acid per litre. 

The Action of Carbonic Acid on Bleaching Powder, 

In the former paper already referred to (loc. cit.) it was demon- 
strated that, as had been stated by other observers (Wolters, J. pr. 

1874 [ii.], 10,* 128; Lunge and Schappi, Dingl. Polyt, J,, 
1889, 273, 63 ; Dreyfus, Bull, 8oc. chim., 1884 [ii.], 41, 600 ; von 
TiesenHolt, J. or. Chern,, 1902 [ii.], 66, 612, and 1906 [ii,], 73, 301), 
when carbon dioxide is passed through a solution of bleaching 
^po^vder, oV over the moist solid substance, no l^pochlorous acid is 
evolved, but only free chlorine. At first sight it appears remark- 
able tUat tlj^re should be 8uch*a wide difference betweelk the aetion 
of two such weak^ids as boric and carbonic acids as is indicated 
by the^iUts described above.. It m^st be borne 4n mind, howevw, 
that the conditions under ykich the two acids were experiment 
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with were widely different, particuiarjy as regardst temperature, 
ind we findfthat under similar conditions, capbon dioxide aots^ 
practioa31y^f^*the same way as boric acid. *[f ^arbon dioxide is 
passed Wj^ugh a^ojution of bleaching powder which is l^pc boUing 
[Continuously, almost pure hypochlorous acid ^ ^iven off. The 
experiment succeecfc, best if the carbon dio^tide is bubbled fairly 
rapidly through the mixture of bleaching powder and water (in the 
aame proportion as used in all the other experiments, namely, 10 
grams oTWqfching powder to ,5(X) c.c. of water) from the beginning, 
whilst the liquid is being heated, and then the distillate collected as 
soon as the liquid boils vigorously. The yield of hypochlorous acid 
i^ft nearly good if the liquid is heated first, and the carbon 
dioxide led in as soon as it boils. Doubtless th<^ reason for this 
difference is that, whan the carbon dioxide is bubbling through 
whilst the liquid is being heated, it is gradually Removing the free 
liiRe, so ymt it is free to act on the calcium hyjcochlorito by the 
time the liqifld is boiling. 

The effect of passing carbon dioxide through a mixture of 
bleaching powder ai^d water at difftTcnt temperatures was tried, 
with the relults given in Table VI. 

• In each experiment the mixture of 10 grams of bleaching powder 
and 300 c.c. of water was heated in a flask to the desired tempera- 
ture. The carbon dioxide was freed from hydrochloric acid by 
passing it ov«r w'et glass wool. It was not i)a88ed through from the 
commencement, but only when the desired tem])craturo was reached. 
The resulting gases were passed through 2.') c.c. of .AT/IO-arsenite, 
and the proportion of hypochlorous acid and chlorine determined 
'll the usual way. 

Tablk VI. 


Tempora- 
ture of 

Arsen ite 

Chloride 

• 

Hypochlorous 

Chlorii^, 

mixture. 

oxidised. 

produced. 

acid, p'jr cent. 

por coni. 

Deg. 

30 

8-75 

8-3 

6-3 

■*T 

94-7 

40 


90 

16-5 

84-5 

50 

10-2 

8-75 

^ 10-6 

83'4 

,60 

8*95 

7-4 

209 

7Cil 

70 

10-2K 

7-36 

39-4 

60-6 

so 

11-45 

805 

42-2« 

57-8 

90 

19-6 

. 6-7 

58*^ 

•44-8 

100 

Nr 

10-3 

5-4 ^ 

, 90-7 

9-3 
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As will botseen from the^ table, hypochlorous acid (mixed with a 
large proportion ©f free chlorine) begins to come off |s soon as the 
liquid becomes w|irifl, and the proportion steadily ufc^as^s as the 
temperatul-o rises, until when the liquid is ^lOO® a|moSt pure 
hypochlorous ak;i^ is evolved. (In the experftnent at 100® the 
liquid was kept as nbarly as possible at thaF temperature. Not 
being pure water it did not absolutely boil. As pointed out above, 
if the liquid is kept actively boiling all the time the carbon dioxide 
is passing through, practically pure*hypochlorous acij wr^wlved.) 

We venture to submit that this remarkable difference in the 
action of carbonic acid at different temperatures affords strong 
evidence in favour of Taylor's view that the action of carbonic 
acid on bleaching powder in the cold is the same as that of other 
acids, the carbolic acid decomposing botfi the calcium chloride 
and the hypochlorite, and the resulting hydrochloric and hypo- 
chlorous acids decomposing each other, with the lib# ratiorF"bf ' 
chlorine. The solubility of carbon dioxide in wafer diminishes, 
as the temperature rises, and at the boiling point of .water it is 
practically nil, so that at that temperature^ the amount of true^ 
carbonic acid (H 2 CO 3 ) prestnt must be almost infinitesimal. 
Consequently, at the higher temperature it, like boric acid, ca*n 
only decompose the calcium hypochlorite in the bleaching powder, 
with the result that pure hypochlorous acid is evolved. Furtlicr 
(and this, of course, is of some importance), whilsf the liquid 
actually bgiling, the hypochlorous acid is removed from it practically 
as fast as it is produced. The results of our experiments at different 
temperatures, as expressed in Table VI., indicate the gradually 
diminishing amount of true carbonic acid which can exist in the 
water as the temperature rises, and the solubility of the carbon 
dioxide diminishes. ^ 

The removal of the hypochlorous acid from the solution as fast 

as it is« produced is also an important factor in the action of boric 

acid on bleaching powder. As described %bove, when bleaching 

powder solution is boiled with boric acid, pure hypochlorous acid 

•is 'driven off, but the action is very differerft attthe ordinary 

temp^atur©^ 

#■ 

In the followup experiments 3 grams of bitching powder were 
rubbed vith 100 o.e. of wate^, and ,6 grams of 4x>rio acid added. 
Through this mixture air, |ree from carbon dioxide, was bubbled. 
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arid the issuing gases were passed through iV/10-ar|enite, with the 
following results : — 


A 



Ar»iyto 

oxMificd, 

• 

Chlorido 

produtH'd. 

i HypofhlorouH i 

I Acui, ptn* ct'/t. ! 

por c<*nt. 

1 

ryU • 1 

2-7(5 

• 

:(:i i 

r,7 , 

2 

(1-2.5 

• 

W _ 

e(57 

• 

lUi 1 

(i( 


The experiments took about 24 hours to produee the ohser\ed 
amount of oxidation in the arsdiite. This menus that the aetioji 
^ ^ery %low%is com})arc*(l with tlu‘ action of earhon dioxiih* at the 
ordinary temperature. This, togetlier with the fact that not pure 
chlorine, but a mixtui^j of chlorine and hypoehlorous acid is <'volve(h 
leads us to the conelusion that boric acid at the ordinary tcanjx'rature 
^es noj &ct on bleaching powder in the same way as carbonic acid 
and other aAds. The slow evolution of chlorine we attribute to the 
fact that^ the boric acid simply unites with tiu* fr(*e Inm*. and so 
enables the reverse^ action to proceed, as d(‘seribed in tlu‘ f(niner 
pager (he. cit., p. 15). The hypoehlorous acid which a<‘companieK 
• the chlorine is doubtless due to the action of the boric acid on the 
calcium hypochlorite in the solution. (It must l>c Ixu ne ui mind that, 
ki all experiments whore chlorine and hypoehlorous acid are swept 
^ out by passing air through a liquid, the chlorine, being much less 
soluble in water, will bo swept out more readily, so that the 
proportion of hypoehlorous acid actually piesrnt in ^ho li(|uid is 
certainly greater then the numbers indicate.) 

The results of the above two experiments aie .somewhat similar 
to those in Table VITI. in tin* former paper (p. 18), which were 
obtained by passing air, free* from carbon dioxide, through a 
solution of bleaching powder which had fasn first exposed to air 
in order to remove the free lime. The addition of boric acift, even 
in considerable quantity, is simply equivalent to exposing the 
bleaching powder solution to air for some time ; ^cro is apparently 
no action of the boric acid on the calcium chloride in#tho solution. 

It is hlrdly'necessary to point out^that if any other acid •be 
added if bleaching powder solution in quantity ju%t sufficient to* 
unite with the ffee lime, the effect of afterwards passing air free 
from carbon dioxide through the^ solution will bo siiiiilar to what 
is described above. Experiments weje made with hydrocUoric and 
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niftic acid. With the former the air free from, carbon dioxide 
swept out' a mixture of 85 per cent of chlorine and 1^ per cent of 
liypochlorous acid^arfd with the latter ^5 per cent of*c^lorihe and 
25 per c^t bf hypochlorous acid. One would e the propiortion 
of chlorine to b A greater with hydrochloric acid ftian with nitric, 
because if in adding flhe acid to the bleachi]^ powder solution 
there is at any time a local excess of acid, the former is more likely 
to produce free chlorine than the latter. 

Summary. 

(1) When bleaching powder, mixed with 30 times itg weighs 
of water, is distilled with sulphuric, hydrochloric, or nitric acid 
in quantity slightly greater than is required to neutralise the free 
lime present, hypdchlorous acid mixed with a small quantity of 
free chlorine is evolved. When the acid is in sufficient quantity to 
neutralise all the free lime and to decompose the wholl of tfic 
hypochlorite theoretically present, the proportion of free chlorine is 
considerably greater. When the amount of acid is further Increased 
the hypochlorous acid produced rapidly diminRhes, andi very soon 
nothing but chlorine is evolved. There is not a great difference 
in the action of the three acids named. 

(2) Acetic and phosphoric acids behave much alike, but thqy 
differ considerably, as would be anticipated, from tha three acids 
above mentioned. Even with comparatively large amounts of these 
acids the pft)portion of hypochlorous acid evolved does not fall 
much below 50 per cent. 

(3) When bleaching powder is distilled with boric acid and a 
sufficient amount of water, almost pure hypochlorous acid is 
produced, and there is very little difference in the result if the 
boric acid used is as muc^h as three times the weight of the bleaching 
powder. This is recommended as a convenient method of preparing 
a solution of hypochlorous acid. 

(4) When carl&on dioxide is bubbled through a mixture of 
bl^aoting piwder and water at different temper§turej^ whilst at 
the ordinary temperatureanothing but chlorine is evolved, as soon 

^as the liquid Incomes warm hyjJbchlorous acid begins to\ome <jflf. 
The proportion of hypochlorous acid increases as the temperature 
rises, en4 yfien the liquid boils«it is practically pire, hardly any 
free chlorine being evolved. • It is suggested that this is stremg^ 
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evidence in favour of Taylor’s viewjthat the actjpn of carbdhic 
acid on bleaching powder at the ordinary temperature is Mkc that 
of oth6r afids. 

(6^ WJfen boiic*acid is added to a solution of Weaclfin/ powder, 
and air free froA carbon dioxide is passed thro|i^i at the ordinary 
temperature, a mfl^ure of chlorine and hypochlorous acid is swept 
out, containing a considerable excess of the former. The boric acid 
simply unites with the free lime, and this allows the reverse action 
to procen^ free chlorine hrtng produced. If any other acid is 
added to a solution of bleaching powder in (plant ity just sufficient 
to neutralise the free lime, the passing of air fre(‘ from carlnni 
^ifUtide •thi^)^h the solution gives a similar result. 



IV. 


THE ACTION •OF BLEACHING AGENTS ON THE 
COLOURING MATTER OF MNEN. 

(From the Journal of the Society of Dyers and Colourists, U1L2.) 

In a paper recently published (Journ. Chem. Soc., 1912, p. 222), 
S. H. Higgins describes an experiment in ^^hieh he compared J)h^, 
bleaching action of chlorine water and a solutioi/(A' bleaching 
powder of the same strength, as far as oxidising power was con- 
cerned, on similar^ samples of boiled unbleilihed linen, immersed 
for a considerable time in the solutions. He found that the linen 
was bleached very much more rapidly in the latter fjplutton thdif! 
in the former. Similarly, when he produced the solution of chlorine 
water by adding an excess of hydrochloric acid to a solution of 
bleaching powder, this also showed the same •omparat^voly feeble 
bleaching action on the unbleached linen. He also states that 
“ boiled cotton cloth, on saturating with bleaching po>vdor solution 

and with chlorine water, was found to show a similar distinction.’* 

• 

I have repeated the experiments as described by piggins, and 
I find that, as he says, a solution of bleaching powder bleaches* 
linen very enuch more? rapidly than chlorine water of the same 
strength does. But with cotton, if the experiment is performed in 
exactly the same way, the result is very different, the chlorine 
water acting upon it much more rapidly than the solution of bleach- 
ing powder. It would be inferred, from Higgins’ description, that 
ho had peifoimed the experiments in the same way, but possibly 
“ saturating with bleaching pow'der solution and witli chlorine 
water ” if ay moan some other method. 

From these ft.periments Higgins draws the remarkable con- 
clusion thaii chlorine is a much less active bleaching agent than a 
sdlutTon of a h3rpochlorite, and he concludes lhat %he “ small 
bleaching po^Per of chlorine water is probably due to the j^senc^ of 
some hypochlorous acid in the solution.” He Attributes also the 
bleaohin^ action of a solution of a hjrpochlorite m%inly to the free 
hypochlorous acid which it may contain. 
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I have latterly made a uuimiuvrauiu iiumoer oi cxpenm^ntstoii 
the bleaching action of chlorine, hy^chlorous aci&, and ^various 
solutions hypochlorites ^n different eoloufing matters, such dS 
tiirkej red, indigo, «.nd the colouring matter of hnblea(rfio(f cotton. 
Some tirfe ago*I*oxpro88ed the opinion that, ^ntrary to what 
is 'generally beK^ved, chlorine is usiiaUy Inoro active as a 
bleaching agent than hypochlorous acid, and I may say that*I am 
not yet inclined to alter that opinion. Conacqucntly I was greatly 
surjffised^hen I read the aqiount of Higgins’ comparative experi- 
ment with unbleached linen. The fact that chlorine there behaves 
80 entirely differently from the way I had always found it to act 
^cbiced^me ^o try some further experiments, 'riu'we experiments, 
I may say at once, have led me to the conclusion that the colouring 
matter of unbleached linen, whatever it is, is (jiiite abnormal in its 
behaviour with blcactiing agents, and entirely diffcTcnt from every 
other kind of colouring matter that I have experimented with. 
^ do ndl ki^w whether such an essential difference' has ever l>een 
suspected before, but there* appears to bo no doubt of the fact. 

Not only has free chlorine practically no effect on this colouring 
matter, bift it is equlilly unaffected by a solution of pure hypochlorous 
acifl. A piece of unbleached linen immersed in th(i latter remains 
brown practically as long as it docs in chlorine wat(*r of the same 
qxidising strength. But if a small quantity of any alkali bo addtHl 
to the solutions, they both bleach the linen just as Higgins found 
the bleaching powder solution to do. Apparently what is required 
in order to bleach linen is a hypochlorite, and not eithoitfroo chlorine 
or free hypochlorous acid ; or if the latter do act it is in conjunction 
with the hypochlorite, which must be present. 


I have carefully invc.stigated sonu^ of tlu* conditions under 
which this bleaching action takes place, and have obtained results 
which, in some respects, are somewhat afiomalous. Thus, if it is 
the hypochlorite only which bleaches, it would be exiKHJted iJhat the 
bleaching action would take place best when the amount of hypo- 
chlorite present was greatest, and the amounW>f free chlorine or 
hypochlorous acid least. But this is not quite the^case, as the 
following ftcperftnents show. I used a solution of chlorine iif wuter 
o| such 0 strength that 10 c.c. required ft c.c. of iV/M) thiosulphate# 
alter addition of'potassium iodide, so that the chlorine water was a 
little strongei than decinormal and contffined 4*26 grams of 
chlorine per litre. Eight dbpara^ portions, e^h of 5(1 c!o., ol this 
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BokitioA were taken, and to these were added different quantities of 
a solutipn of N/\ podium hydrate. Numbering the s^ples one to 
^ght, to the first wai> added 1 c.c. of t^e sodium hydr^e solution, 
to the second 2 c.c., and so on, so that in each*tl^number bf c.c. 
of the sodium h^^ate solution added corresponSefl to tlio number 
(jf the sample. 

Representing the action of the chlorine on the sodium hydrate 
by the following equation : 

2NaOH + Clg ^ NaCl ^ NaOCl 4- HgO, 

50 c.c. of the chlorine water would require 6 c.c. of tJie sodium 
hydrate to give the equivalejit amounts represented by theejjuatjpr^ 
This was the amount added to sample No. 6. *B‘ut, as the 
action represented above is a reversible one, this solution would 
still contain some (free chlorine, so that thS greatt^st amount of 
hypochlorite and the smalh'st amount of free chlornu^ ^would be 
contained in samples 7 and 8. Into each of the solution!? similar^ 
pieces of boiled unbleached linen were placed, and in about half* 
an-hour it was plain that the bleaching was proceeding most rapidly 
in No. 4. No. 5 was almost as white, but in cach*dirccti()n<from these 
two the bleaching action was slower and slower. Now samples 
Nos. 4 and 5 contained, in addition to sodium hypochlorite, a 
considerable amount of free chlorine, so that the rate of bleaching 
evidently docs not entirely depend on the amount of hypochlorite 
present. < 

I have shown in previous papers (see pp. 19, 20) that the action 
of ohlorine on alkalis, being a reversible action, is reversed by the 
addition of chlorides to the solution, especially if very little free alkali 
is present, producing free chlorine, so that, in the case of colouring 
matters other than that in unbleached linen, this addition of 
chlorides considerably <siccelerates the bleaching action. It is 
interesting, theiefore, to consider, from the point of view of the 
reversibil^y of the action referred to, what would be the probable 
effect of the addition of chlorides in the bleaching of linen. Clearly 
it will not be the same as in the bleaching of other colouring matters. 

wTike, for example, the sample No. 4 in the expArimeftts referred 
cto abovec Thus contains sodium hypochlorite with a certain amoupt 
of free chloriiie. The addition of a chloride — 6bmmon salt, tor 
example — to •this whl partly reverse the action, (Jfminishing the 
amount 5f 'hypochlorite present, hnd irfereasing the amount of free 
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ciilorino— making it, in fact? more like No •s. Thus the* addi%n 
of salt in this case ought to diminish sthe bleaching action. This 
Is exaejly Mf^at it does. Fresh mixtures w^rc*made of ehlorin% 
water and ix&upa Ijydrate similar to No. 4. To%)no a qpn^erable 
quantity efcomigon salt was added, and similar pie^s of unbleached 
linen were immersed in both solutions. In half«n-liour to an hour 
the linen in the soKition to which the salt had been addedi was 
qjjite distinctly less bleached than the other. On the other hand, 
whaWoughtdo be the effect of adding a chloride to the mixtures, say, 
Nos. 7 an?h 8 ? Clearly the addition of the chloride would again 
diminish the amount of hypochlorite, and produce a certain amount 
^f fjee chlorine, making the solution, in fact, more like those lowc‘r 
down in thS scries. This ought to stimulate its bleaching action, 
and again this is exactly what it does. Mixtures wort? preparotl 
similar to No. 7. A* considerable (quantity of^common salt was 
added to one, with the result that this solution hleatrhed tlu‘ linen 
•^stinctly more rapidly than the other. 

Seeing, then, that the addition of a chloride to the solution 
sometimes stimulates and sometimes retards its bh^aching action 
» on linen, ij naturalky follows that, under some conditions, it will 
hav^ little or no effect at all, and I have found that adding commoji 
salt to the solution has generally much less effect on the bkjaching 
of linen than on the bleaching of other colouiing matters I have’ 
experimented with. 

A series of experiments similar to those above? dcscribtHl wen* 
tried with a solution of hypochlorous acid, using differjjnt amounts 
of sodium hydrate, in order to find, eis in the? cxj)erimcnt8 with the 
chlorine water, the point at which the bleaching appeared to be 
most rapid. The solution of hypochloious acid was almost of the 
, same oxidising strength as the chlorine water used in the fonner 
experiments. But, as hypochlorous acid has an oxidising power 
twice as great as its neutral i.sing power, oi3y half the (juant^ics of 
sodium hydrate were used, as compared with the solution of chlorine. 
Again the quantities of alkali were so regulated that No? 0 in the 
series of eight samples was the one to which w'ajfadd(?d the amount 
of sodium jjydrt^c which just satisfied the equation : * 

HOCl 4- NaOH ^ NaOil f H,0. 

There is no d#ubt that a solution of sodium hy]Tochloriie is to 
some extent hy^olyscd, so that the solution Ifb. 6 would certainly 
contain some free hypochlotous abid. When the bleadhiftg power 
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of* these solutions was testea putting in tne pieces Of boiled 
linen, the result was found t<f be very similar to the one with chlorine 
^ater— the bleaching proceeded most rapidly in Nos.^% and«4, both 
of whi<A must hafo contained, in addition to spdiivn liypocklorite, 
a considerable cl^ount of free hypochlorous acW.I 

I am quite unfamiliar with the processes ujpd in the bleaching 
of linen as it is usually carried on, but the results of the experiments 
I have described above are well worthy of the attention of thqjje 
engaged in that industry. It is plain,that, as I have al^bady seated, 
the colouring matter of unbleached linen is quite abn'^mal in its 
behaviour to bleaching agents, and it appears to me that methods 
and processes which are perfectly suitable for the bleaching of cqj/toj^ 
will not always be the best for the bleaching of linen. * 

It would be interesting to know whether there exist any other 
natural colouring anatters which act in the tame way with regard 
to bleaching agents as the colouring matter of lineup. Further 
investigation may possibly show that linen does strfnd aloiJS * 
in this respect. 



V. 


THE ACTION OF ^LEACHING AGENTS ON VARIOUS 
NATURAL COLOURING MATTERS. 

(From the Joxirnal of the Society of Dyers and Colourists, 1914). 

•In% pa^)oifc^jblish(*d in this Journal in 1912 (see p. 44), entitled 

The Action of Blciuliing Agents on tlu‘ (\)Jouring Matter of 
Linen, ’ attention was d^iwn to the fact that the colouring matter 
of unbleached linen was not completely bl(‘aehe(T either by free 
< 5 hiorino or^ly hypochlorous acid, but that a hypochlorite must be 
present if the finen is to be succes.sfidly bleac^lu'd. Fxporiinents 
were described in wliich di(Ter(‘nt amounts of alkali wctc added 
to equal quantities of chlorine wat(‘r, and pieces of boih'd unbleached 
linen j)laced *in them. It was found that bleaching proc(<f)ded 
most ra])idly, and was most eompl(d(^ whon the amount of alkali 
added to the chlorine watcu* was not (juite sullicient to complete 
the equation : — 

^ Gig 4- 2Na()TI NaCl | NaOCl j- H^O, 

so that the solution contained not only sodium hypochlorite, but 
also some fnu* chlorine. Similar results wen^ obtaimul with a 
solution of hypochlorous acid ; this also bh^iched linen most 
rapidly and completidy when it was nearly, but not c|uite, neutralised 
hiy alkali according to the eipiation : 

HOCl -f NaOH - NaOCl 

This solution contained sodium hypocliloritc with some free 
hypochlorous acid* 

_ ; ' - sr’ 

•This poculiarity of linmi with n-Hjinot to tho action of ohlorino upon it 
was first poiutod^out S. II. Higgins (Journ. Chem. »S'oc., 11)12, p. |22). But 
he failed to porccive tliat it was a pnculiarity, and carno to tho rumurkable 
oonolu|ion tha^holorino, notw'ithsti.nding its well-known blottchiri|; pro]^rtie8, 
is generally only a voryifooblo blooohing ag.mt, except when in what he calls 
a ** nascent ” state, the exact meaning of which it is difilBult to gather. He 
attributed, and apparently oontinuos to attribute, all blooohing profofties of 
chlorine and bleaching powder solutions to fgpo hypochlorous acid. There 



‘60 


THB icnON OF BLEACHING AGEtTFS 


Until thi^ apparently qyuite abnormal behaviour of the colouring 
matter of linen •to bleaching agents was pointed c^t, it was cus- 
toma^ to take,, the results of bleaching experindteicts mth puch 
colouring matters as turkey red and indigo’’^s<^^e]ia]|j^p guides to 
bleaching acti\)i\ in general. But it is now quite plain that in 
estimating bleaching actions the nature ot^tho colouring matter 
must be taken into account. Thus, in the case of the colouri^ 
matters just mentioned (turkey icd and indigo), Jhey are 'both 
rapidly bleaclicd by free chlorine 'and by hypochloiy: as acid, and 
hardly at all, or at any rate very slowly, by a solution of a hypoch- 
lorite which contains Uttle if f ny free cldorine. In the experiments 
referred to above, whore increasing amounts of alkali Were*^dtfed 
to chlorine and to hypochlorous acid, the bleaching action of the 
solutions so obtained upon turkey lec^, and indigo depends 
absolutely upon the amount of free chlorine or hypochlorous acid 
present, so that the bleaching action is greatest Jbefore 
addition of any alkali, and becomes less and less/ as more alkali 
in propoition to the chlorine or hypochlorous acid is added. 

With regard to the action of chlorine and of hypochlorous 
acid upon the coloming matter of lin(‘n, it is a mistake to say that 
they have no action at all upon it. Experime nts show tha^ when 
boiled unbleach(‘d linen is placed in a solution of chlo ine or oi 
hypochlorous acid they do act upon it to a certain point but 
beyond that point tlu^ remaining colouibig matter is discharged 
very slowly indeed. There is practically no difference between th( 
two bleaching agents with regard to the rate of, or the extent of 
this Uecching action. The subsequent addition of a small amount oi 
alkali (which must be as nearly as possible the right amount) t< 
either of the solutions causes the bleaching action on the remainde: 
of the colouiing matter to puocced until the bleaching is more o] 
less complete. 

‘‘These experiments appear to show that there arc two kind 
of colburing matter in unbleached lim n. While these two colourin| 

docs not app<mr to bo any just.iiiuation for suoh a conclusion. 1 pointed ou 
inithe paj[er alrerdy rt'ferred to that hyi)oohlorou8 acid behaves with th< 
colouring matter of linen almost exactly tis chlorine docs ; it does not bleaol 
it ooinpletefjy until it is partly . neutralised. I have tried* -A groat^ man; 
experiments'^ on tlie oomparc^tivo bleaching octivitirr of chlorine and hypo 
chlorous acid, tho^details of which I hop© to publish shortly, and I hav 
come v'oithe conclusion that chlorine is definitely and nearly always a mor 
active bleaching agent than ^lypoohlorous acid. 
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matters may m most respects be like each other, thev m different 
in their behaviour to chlorine and hyjibchlorous^acia. Onq of the* 
two is almost^ unbleached 1^ those agents, but is bleached by art 
alkaline hypoebjorit©. The other is bleached ripely by ffhlorine> 
or hypoeWbrous #cfd, but very slowly by a hypochlorite. 

The action of chlorine ond liypochlorous ifeid upon the colouring 
matter of cotton is deceptive. (Distinction has usually to bo made 
TlJNiveen American and ICgyptian cotton. The latter, as is. well 
kno\fii, is niuch darker ijx eolflur than the form(‘r ; that is, it con- 
tains much more colourmg matter. Apart from tlie difference in 
amount, there does not afipoar to bo any essential diff ronce in 
#ie satuie q^he colouring matter in the two kinils of cotton). 

The moment unbltuieJied cotton is placed in chlorine water or 
in a solution of hy[)ochterou8 a(;id, the bleaching bi^ins, and proceeds 
with much greater rajiidity than is the case with linen. In a eom- 
j^ratively Short time* the cotton appears to b(^ white. Tntil recently 
the author >^as under the impic.sHion (as moat people arc still) 
that chlorine bleaches cott(»n completely. But this is wrong. 
There is a small roj^jdual amount of colouring matter in cotton 
whiclj is not destrrjycd either by chlorine or by hyi)ochlorou8 acid, 
even by prolonged contact. It is bleached, however, by a solution 
of a hypochlorite. So that cotton, like lin(‘n, appari*ntly contains 
tw'a different kinds of colouring matter with similar characteristics 
Jp those in Iftien. The great diffennee between cotton and linen 
is in the proportiens of the two different kinds of colourjjig matter. 
Linen contains a comparatively large proportion of that kind which 
is not bleached by chlorine or by hypochlorous acid, while cotton 
contains a much smaller proportion.* 

, The natural colouring matter in jute also appears to be of the 
same nature. It is very difficult to blench c^pletely, but it shows 
the same characteristics as linen. The bleaching action of chlorine 
and hypochlorous acid on jute proceeds to a ccTtain point r|id then 
stops ; but when cn amount of alkali not quite efficient to com- 
plete the action on the chlorine or hypochlorous acid is added, the 
bleaching ac^on once proceeds much further. 

^ ^ ,, 

1871 E.^ Sohui^k {Manchester Lit. and Phil. Soc. Memo^St pp. 9fi-128) 

pointed out that two^istinot kinds of oolouring matter ware disBoIved out from 
ootton by boiling itSwith a solution of s^a-ash. Ho roforred fo^hi ootion 
of bleaching agents on one of them, but not on the other. 
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• It Is perfectly plain, then, that the bleaching action of chlorine, 
etc., ^pon su^ n^-tural colouring matters as those described above 
*is very different from their action oi^ indigo and ^Pij^ey»T:ed, for 
instant ,*^hen|e Tt is quite misleading to dra^v ^Mte inferences 
as to rapidity, ^etc., of bleaching action froii rither*bf the two 
classes of colour irfg matters. In the case o^ indigo and turkey 
red,* as pointed out above, the rapidity oi bleaching depends 
absolutely upon the amount of free chlorine or hypochlorous 
present, and anything which would increase that afopunt Vould 
stimulate the bleaching. But this is evidently not the case with 
the other colouring matters. 

There is one point, however, in which the two clas^Js of^colciiring 
matters are almost alike, and that is in the great retarding influence 
which alkalis, wlien in excess, have on the bleaching action. In 
former papers thb has been pointed out a^ain and again, and in 
all bleaching operations it must be borne in mind. Tlje retarding 
influence of an excess of alkali is even greater wii^h irfdigo ana 
turkey red than with the natural colouring matters of linen and 
cotton, but even with the latter it is very considerable. 

Apparently, then, the best bleaching solution for boith linen and*^ 
cotton is one which contains little or no free alkali, but rattier a 
slight excess of chlorine or hypochlorous acid. In order to illustrate 
this, the following experiments (out of many which have been 
tried) may be described. Six separate portions, eagh 50 c.c., of 
chlorine water were taken, and to live of these were added differerfC' 
amounts of a solution of A/1 sodium hydrate. The chlorine water 
was approximately decinoimal. Numbering the samples from 
1 to 6, sample No. 1 consisted of chlorine water alone ; to No. 2 
were added 2 c.c. of the sodium hyd'-ate solution ; to No. 3 were 
added 3 c.c., and so on, so that the last had 6 c.c. of the sodium» 
hydrate added to it. «Tho chlorine water was of such a strength 
thattNo. 5 contained the exact amount of sodium hydrate required 
by the equation : — 

2NaOH + CI2 ^ NaCl + NaOCl + Jlfi. 


As the acljon represented thus is a reversible one, this solution 
VouTd still contain some free chlorine, so that tlie greatest amount 
of hypochldrite end the smallest amount of chlorinA* would be 
contained in No. 6. ’ 

Into each of these solutions samples of boiled \ju bleached linen, 
Egyptian ^><^t.t.r»Ti ntiH Amftrinr.Ti p.ottrn wfirft "nlanoH. In niift 
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e^speriment, in which the time of bleaqjiing was iwothours, Nos.* 3 
and 4 w^re b^^far the best in the case of the pieced of Imcn, ahd alsc^ 
quite plainly J'he best in ttic case of both Itiivls of ^ott#n. In 
another p5qpiscl;^8iiiilar experiment, only continmtl for six hours, 
in the case of linen No. 4 was distinctly the b^slf, while with the 
two kinds of cotton It was diUlciilt to cli()o.se^)(?twe('n Nos. 4 and 5. 

all the cases, bowevcT, No. 1 (free chlorine) and No. (1 ((’outriiniug 
a ^Ib^sidcral^lo amount of free alkali) \v(‘r(‘ distinctly the worst. 
(Samples sliowing tho results (tf tlu'sc ox ped iments were (exhibited). 

Exactly similar f^xperiments with hypochloroiis acid gave very 
pmilar roeul^. fn tliis case again No. 1 contained fico hypo- 
shlorous acitl, which was of sucli a .strength tliat No. 4 contained 
exactly sufficient sodium liydratc to unite with it. Experiments 
lasting, again, two an€ si.x hours rcsp(‘ctiv«'ly w^to tried. In tho 
lase of tho linen No. 2 was distinctly tlu* best in both ex|M‘rimont8, 
Ik'hile wi#h‘ both kinds of cotton it was diilicult to discriminate 
betw’ecn Nos. 2, 3, and 4. In all cases, again, Nos. I and 0 weio 
the worst. (Specimens showing tho results of these oxjH^rimtmtH 
•were exhiby;cxl). 

Tlho results of th(‘so (ix[)crimcnts show' pretty (‘learly what are 
the conditions to aim at in bh^aching with a solution of bleaching 
powder. The latter always contains a (umsiderablo amount (rf 
free lime, some of whicli, (»f course, dis.solves up wdu-n tho solution 
^f bleaching powder is prepared, and thisfre<*. lime must considerably 
retard tho bleaching action. 11 tlu; freo lime can bo rorgovod, then 
conditions mon^ or h'ss similar to those in tho experiments (hwiribed 
above will bo realised. Of course, the removal of fn;e lime is per- 
fectly simple. One method would he to add morcj chlorine to tho 
• bleaching ])ow(hT solution, an<l this methf)d acts jx^rfc'otly well on a 
small scale, but although chlorine is a mqie available siihstance 
at the present time than it formerly was, that is liardly a prant^ble 
method. Another method would be to mmtraliso the frce^lime by 
the addition of an acid — say hydrcxjhloric acid.^ Of course, the 
addition of vaiious acids to solutions of bloacliiing powdor has 
from time time been recommended, but if such if procass is 
practised ^ all it is certainly not univerial. 

^0 obtaiH goo^ results by the addition of an acid to bleaching 
powder solution^he thing would have to be €one vq^ carefully 
indeed. The addition of too largo a quantity of acid^v^uld be 
p[[obably worse than adding none, and it may easily have occurred 
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tlfat, where experiments Iw-ve been made in this direction, the 
Results* will have been too irregular to inspire any conhdcnqp in the 
method- , 

A number of experiments on the addition* oj, acid* m varying 
amounts to soluficns of bleaching powder have been made, in order, 
if peesible, to realise the conditions which I ha^c pointed out would 
be best. For some time the results were very irregular and uns^^ 
factory, simply because the cxxicrimenter had failed «to tak«^ mte 
account what ought always to bo borne in mind when using solutions 
of bleaching powder. The fact is that the amount of free lime 
which a solution of bleaching powder in water wiiy^ontain ^/an^ 
hence the amount of acid required to neutralise it) depends not or 
the bleaching strength (jf the solution, but upon the way the solutior 
has been made, j^ime is very much less soHible in water than tht 
other constituents of bleaching powder, so that if different amount! 
of bleaching powder are stirred up with equal amounts ‘of wate^ 
the absolute amount of lime dissolved in each case will be approxi 
matcly the same. In all cases there will be practically a saturatec 
solution of lime, whereas the quantity of the more solubje bloachinj 
constituents will be much greater in some cases than in others, n Th( 
proportion of lime to the bh^aching constituents will be mud 
smaller in the stronger solutions than in the more dilute. 

Thus, bleaching powder ground up with 100 timps its weigh 
of water produces a solution from 1 dog. to IJdeg. Tw., anc 
approximately dccinormal in its oxidising strength. The sam< 
weight of bleaching ])o\\dcr with ten times its weight ot watei 
(1 lb. to a gallon) gi\es a solution about 10 deg. Tw., and approxi 
matcly normal. Fqual volumes of both (clear) solutions wouh 
contain approximately the same amount of free lime. If th 
stronger solution wcrcidiluted with nine times its bulk of water 
it would be of exactly the same oxidising strength as the dilub 
solution f made directly, but it would only contain one-tenth a 
much free lime, ^hich would only require one-tenth as much aci< 
to neutralise it. Such a dilute solution, prepared by diluting i 
Hjuch stronger solution, is by itself more active blqaching thai 
, the on^ ma^ directly, ^n the^case of two pieces of {urkey re< 
calico, which 'had been immersed for 20 hours iif solutions exactl; 
such as tho6|p just described, the one which had bev^ in the diluted 
down sblhtion was almost completely bleached, while the othe 
was hardly touched. A coifsiderable difference was also observg 
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two pieces of linen whifh had been immcrsea tor somt tinje 
in the same solutions ; and yet the two solutions were Hotli solutions 
of bleacfkingji^wder alone, and both of exactly, the same bleaching • 
strength.* 

Taking hli tn^s into aeeoimt, and especially it we know the 
amount of free lime^ireseiit in the solution,, thwe* is no dilliculty 
in preparing bleachirlg solutions which, judging from tlu^ rejAilts 
dl my experiments, ouglit to be most suitable for bleaching, either 
in tlm case of Imen or cotton.^ 

A strong solution of bleaching ])owder was madi^, standing at 
10 deg. to 11 d(‘g. Tw. It was approxim.it(‘ly a norm il solution. 
'She ^leai^ solution was diluted with live times its voliiim* of watew, 
which reduced it to bo deg. to 1*7 deg 'Pw., and the oxidising 
strength to N/\i) ^ I-o. Seven separate portions (bO c.a'..) of this 
solution Avoro tak(‘n, Aumbert'd 0 t(> (», and dilVrent amounts of 
N /lO hydrochloric acid added to six (»f them ( 1 v. e. (d acid to No, 1, 
^ c.e. to Ifo. 2^ and so on. No. 0 having no acid add(ul) 'Hie amount 
of free lime originally ])res«‘nt in the .strong sol utioji was (hdiTmiiU'd, 
ami it was such that it would he almost exacdly n(Mitralis(‘d in No. 3 
•Solution, kdeees of finen, l^^gyptiin cotton, and .AnuTiean cotton 
w'crc^placcd in each solution ajid l(‘ft th(‘r(^ for tlire(i hours. 

In the cas(‘ of the liiuMi, Xo. 3 was di.stinctly the best hhsu^hed, 
and the re.sult was the same with th<* Kgyptiin cotton. With 
the American cotton No. 4 was tin* best, and No, 5 was almost 
^8 good. It is plain, howawer, from this (‘xpc'iini'mt that if this 
m 3 thod of adding acid to tin; bleaching solution is adi^jited it will 
have to bo done with can* and discretion. As a guide to anyone 
who may wish to try this on a larger .scab*, it mv-y he yiointi'd out 
that the amount of acid to he addial works out to half a pint of 
• ordinary commercial hydrochloric acid to 1(K) gallons of thc! diluted 
bleaching liquor. This would bo the am >uyt for linen or Egyptian 
cotton for American cotton about one; -third more woi^d be 
required, as in this case there appears to be a rather wider margin 
as to tho amount of acid which may safely bo added. 

No experiments have been made with acidfT ^ithor than hydro- 
chloric acict Tlv^rc appears to be no reasfm at all on|^ acid 

I have k>und, ^inco writing tho abovo, that what I )n\vo Htat^sl with 
regard to the making of bloaching solutions in different ^ays and thoir different 
bleaching actions ^en so made, was poijited out by W. Kind \rfl^0^{Deut9ch€ 
Farberzeitung). 
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Should De better tHan another, and ordinary sulphuric acid might 
probably be ^sed instead bf hydrochloric acid. In that case the 
tquantity required fqr 100 gallons of tjie bleaching lj^[yor V^ould be 
6oz. tJb 6oz. (^y* weight) or 3oz. to ^oz. by yeAsure of strong 
oil of vitriol. Whichever acid is used, it should be diluted with 
water first, and the bleaching liquor should b^ well stirred while it 
is being added. 

Of course the results just described were obtained with^ifS 
particular sample of bleaching powdfr, but while therb is no doubt 
that bleaching powder varies somewhat in composition, it is pretty 
certeih that a solution of the strength described made from any 
specimen of bleaching powder which was not really t(^o qld wouM 
have pretty nearly the same composition as the one used. It 
would in all probability contain the same proportion of free lime, 
and that is the mast important point. * 

These experiments were carried out on a very small scale, and 
it does not always follow that operations which ^re successful 
in the laboratory are equally successful in the works. But investiga- 
tion on a larger scale, carried out on the lines suggested in this 
paper, would in all probability have valuable results.*' 

Note. — Since the above paper was read, at the suggestion 
of Dr. Knecht further experiments have been tried in order to 
ascertain whether the alkali which, when added to chlorine wa^er 
or hypochlorous acid in exactly the right amount Increases the 
bleaching action, acts itself upon some of the colouring matte* 
which the ^lorinc or hypochlorous acid were unable to bleach. 

Some pieces of linen, Egyptian cotton, and American cotton 
were immersed in chlorine water for 18 hours. They were then 
cut in two, and poitions of each washed out and immersed in a very 
dilute solution of sodium hydrate. The other portions were 
immersed in an ordin^^ry dilute solution of bleaching powder, 
in wlych solution the bleaching proceeded considerably further. 
In the dilute alkali, however, there was no further bleaching ; if 
anything, the pieces became darker. Plainly, the alkali does not act 
itself upon the colouring matter, but only the hypochlorite which 
it produces tfhen added to the chlorine water or hypochlorous acid. 
Also, if^cott(j|i is boiled « with water merely, instead ot with an 
alkaline solution, the subsequent action of chloriiv), and of chlorine 
plus alkali, uj)on it is practically the same. 



VI. 

A RAPID* METlIOD OF DETERMINING CHLORIC ACID 
AND CHLORATES? 

tho Journal of the. Society of Dyem and ColourUtx, 1016.) 

If soifto dilute hycli’ocliloric acid is added to a solution of, say, 
potassium chlorate to which some potassium iodide has hc'cn added, 
^he.ie is^o^^beratioii of iodine for some tinuv But uft/iu* a while 
tho solution turns yellow and ultimately brown, owin^' to tho 
gradual liberation of iodine. The following equation nqyresents 
the change which ultfmately occurs : - - • 

^ .KCIO 3 + 6HC1 h OKI = 7K(M | 311 f (il. 

The rate at Vhich this decomposition proceeds d(‘j)ends upon tho 
amount of hydrochloric acid in the solution, and if that amount 
is quite small the ni'action will not ])roc(V(l to (tompletion. The 
cha^e is accelerated by a rise of temperature, and one well-known 
method of determining chloric acid and chlorate's is by heating a 
mixture such as the above, containing a moderate amount of 
hydrochloric acid, in a sealed bottle, to th(‘ temperature of boiling 
, water for a Considerable time, and tlu'ii determining tlu^ amount of 
iodine liberated by titrating with thiosulphate in th(^ usual way. 
But if a large excess of hydrochloric acid is added to suAi a mixture 
of chlorate and iodide, the reaction finishes at once or within half 
a minute, and the chlorate is completely dt'composed, with the 
liberation of a corresponding amount of iodine. This fac;t is the 
basis of the method proposed for the rapid determination of chloric 
acid and chlorates. In carrying out the process therc^ is added 
to the solution in which tho chh)ric acid or chlorate is to bo deter- 
mined, and to which a sufficient amount of potassium iodide has 
been added, from one and a half times to twite its own bulk of 
concentrated hydrochloric acid. The hydrochloriO| acid ^which 
one usually obtains is so strong that the j^quid to whifli it is addid 
betomes ^rceptibly warmer, and doubtless this rise pi temf>erature* 
accelerates {he ckfiomposition of the chloric acid^ It has been stated 
that reliable tnrations with thipsulphate cannot We ^j^rformed 
in solutions containing a large an^unt of free acid. But no 
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riifrculty is oxperieiiced provided that the titration is perfomxei} 
as rapidly as possible, and the solution is diluted with about half 
fts volume of water before titrating. 

In order to Keep down as far as possible the^ottll Volupie of the 
liquid, it is best Jbo use the solution containing tile chlorate to be 
determined of sucli a ^concentration that nob more than 10, or 
at the most 20 c.c. of it need be used for each experiment. For th^ 
same reason also the potassium iodide required is best addejj^in 
the form of a few crystals of the soli(^, rather than in solution. 

This method has been thoroughly tested with solutions of 
pure chlorates of known strength, and with uniformly accurate 
results. It has also been used in the course of som% iflvesfiga- 
tions on the decomposition of solutions of hypochlorous 
acid, which contained both hypochlorous# and chloric acids. 
In those experiments the amount of available material was 
usually small, and it was found possible to economfe^ this by 
determining both hypochlorous acid and chloric acief in the same 
portion of the solution. The hypochlorous acid is first determined 
by adding potassium iodide and a few drops o^ dilute hydrochloric 
acid and titrating with thiosulphate in the usual way, Thep to 
the sam9 liquid is added about twice its volume of concentrated 
hydrochloric acid, when there is a further liberation of iodine due 
to the decomposition of the chloric acid, and this is further titrated 
'* for the amount of chloric acid present. 

Determinaiion of Calcium Chlorate in Bleaching Powder. 

This method may be used for the determination of the amount 
of calcium chlorate in bleaching powder. In this case also the 
hypochlorite (“ available chlorine ”) and chlorate may both be 
determined in the sam^ portion of the solution. But, as pointed 
out aSove, it is very desirable to keep down as far as possible the 
total bulk of the liquid to which the large excess of hydrochloric 
acid has to bo a(Wed. A considerable volume of thiosulphate is 
usually required in determining the available chlorine, and when 
afterwards strong hydrochloric acid has to be ad Jed t(f the extent 
♦of twictf the Volume of t£e solution, and this again to le diluted 
somewhat belore titration, the liquid becomfe inconveniently 
bulky. Furthermore, it has been found in numerous experiments 
that when* done in this way^the results are not so uniform as is 
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<i 08 irable, so that it is preferable to make separate determifiatiQnA 
of available cjilorine and of calcium chforatc. 

•ThaproJesJ recommended is as follows : 'fhg bioaciiing^Ktwder 
is grounckiip wfth •water so as to make a solutioit containing 20 
grammes per litre ; 10 c.c. of this arc used f^rtdctermining the 
available chlorine id the usual way by adxiing potassium ii^ido 
^ud a little acetic acid and titrating with docinormal thiosulphate. 
Thdii 10 c.(a more are taken for the dotormination of available 
chlorine and chlorate together. A few crystals of j)ota8sium iodide 
are added, and when these are (juito dissolved 20 c.c. of concentrated 
Jiydrochloric%acid arc added, then a little water, and the solution 
titrated ^s •before. The difference between the amounts of thio- 
sulphate used in the two experiments re]m‘8(‘nts tlie amount 
of chlorate present. #11 the number of c.c. in^this difference be 
represented by N, then N x 0*804 gives tln‘ j)ercentag(' of calcium 
Chlorate in* the bleaching powdi^r. 

It is necessary to point out that the amount of ealeium chlorate 
usually present in bh^aching powder is very small, so that the 
' difference Jbetween fhe volume of thiosulphate solution required 
in the two separate determinations will frequently amount to 
less than one cubic centimetre, and will seldom be; more than two, 
so that the determination of the chlorate cannot bi^ done with very 
great accuracy. But the same objection applies to other methods^ 
^f determining chlorate in bleaching powder, unless it is possible 
to use much largcw quantities in the determinations. 



VII. 


THE EFFECT" OF LIGHT ON SOLUTIONS OF 
BLEACHING POWDER. 

(From the Journal of the Society of^'Dyers and Colourists ^ 1917). 

< 

It is well known that bleaching powder deteriora^s somewhat 
rapidly when kept, whether in the solid state or in solution.'' 

In 1886 and 1888 (J. Soc. Chem. Ind., V. 687 and VII. 188) J. 
Pattison described some experiments on thr changes which solid 
bleaching powder undergoes when kept in casks and in bottles 
at the ordinal y temperature, and also at temperature^ cof 70°F.** 
and 80®F. He found, as would be expected, that at the latter 
temperature the change was more rapid than at the ordinary 
temperature of 60®F. Thus, while bleaching powdej* at 60°F. 'j 
lost 17 per cent of its available chlorine in 12 months, at 80®Fftthe 
loss in the same time amounted to 47 per cent. Pattison, how- 
ever, makes no mention in these experiments of the conditions 
M regards the admission or exclusion of daylight. 

About the same time G. Lunge and L. Landolt published a® 
somewhat comprehensive paper entitled “ An Investigation into 
bhe Modes of Formation, Properties, etc., of certain Bleaching 
Agents (h 3 rpochlorites) ” {Joum. Soc. Dyers and Coi., 1885, pp. 281- 
287), in which they described some experiments “ on the changes 
which bleaching solutions undergo on keeping.” In these experi- 
ments they used solutions not only of bleaching powder but also 
of the hypochlorites of magnesium, zinc and aluminium, which 
bhey prepared by the interaction of the sulphates of those metals 
with solutions of bleaching powder. They described three sets of 
experiments, in which the solutions were kept (a) in closed vessels 
in the^dark, fh) in open vessels in the dark, and {c) 4 in cl<^ed vessels 
in ‘‘diffused ^ylight. Th^y found considerable differencjes in the 
behaviodr of t^e different hypochlorites under some of ijiese condi- 
tions, but these differences, while of some theore^if^al importance, 
do not pa^ibularly concern U8(.at t^e present time. But the 
experiments with bleaching ppwder solution were of considwble^ 
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i^^terest, and' the results, as^hey pointed otit at the tim^ 
of great practical importance. The solutions wer^ analysed a,t 
intervals of Wjo or three d^s, and it was fqpnd that, while thoi 
solhtiofl kept in ^e^dark in closed vessels romaiited^lmast #ithout 
loss of stfeiigth iof nearly a month, that which was exposed to 
diffused daylight began to change almost a^ otu^dj and ultimately 
lost a considerable amount of its available chlorine. The solution 
kept in an open vessel in the dark naturally lost strength more 
rapi&y thanWihat in the closed vessel. No mention is made of the 
kind of open vessel used (that is, the extent to which air would have 
access to the solution), but there is no doubt that under thos 
•irci^nstancd^ the rate of change of the solution would depend 
mainly upon the amount of air having access to it. 

It is not quite clear, in these ex|>eriment8 of Lunge and Landolt, 
what were the exact ^strengths of the solutionF tlu»y used (they 
pimply stfij^ that a concentrated solution of bleaching powder 
was mixed wth an equal bulk of water), and, while they state 
definitely that Series A were analysed at intervals of three days and 
Series B at intervals of two days, no mention of any time is made 
* with regard to SeridI C (solutions exposed to diffused daylight). 

fbo experiments described in the present paper wore started 
before I was aware of Lunge" and Landolt’s exiMiriraonts. As will 
buseen, they confirm their general conclusions in the main, but they 
extend over a much longer time, and I am able to add some informa- 
tion as to the character of the change which takes place in the 
solutions. 

Three series of experiments were made, namt'ly : — 

A. Solutions kept in stoppered bottles in the dark 

B. Solutions in stoppered bottles exj)osed to diffused daylight 

on the laboratory shelves in a roqin not over well lighted 
by windows on one side. 

C. Solutions in stoppered bottles standing in a windo^, exposed 

to diffused daylight during the greater part of the day, 
and to direct sunlight for a few hours sunny days. 

In eaclt serJfcs of experiments three different ^oluticHis 
bl^achingipowder were used, namely : — 

No. I.— 60 gmmrnes of bleaching powder in a litre of water, 
equal ^half a pound to a gallon of *ator, givina a solu- 
tion about 6 deg. Tw. 
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. II. — 10 grammes of bleachiif; powder in a Hire of wat^, 

squat to four-fifths of an ounce to a gallon of water, giv^ 
% solution ^om 1 deg. to (|eg. Tw. 

No? III. — No. *1. solution, after standing J;ill^ vxcax, uxxui;uu. iv 
one-fifth of its strength with water, ttius givifig* a solution 
practically the same strength as No. JI., but which would 
contain much less free lime than the latter. It was 
assumed and, as will be seen, correctly, that the an^unt 
of free lime present would., make some diff&ence in the 
stabiUty of the solution. 

The series of experiments A and B were started at ^e beginning 
of July, 1916, and the last observations were madeoOik .^^oDobef 
8th, 1917, so that they extended over 15 months. Series C 
were started on July 18th of the present year (1917), and continued 
to October 9th — 4bout 12 weeks. 

,At irregular intervals, shoit at first but much longer afterwards^ 
small measured quantities of the solutions were taken, and the 
available chlorine determined, after adding a little potassium 
iodide and a few drops of dilute hydrochloric acid, by means of a ^ 
decinormal solution of sodium thiosulphate. (No. I. bbing rather 
a strong solution, only 5 c.c. were taken for each determination 
of the available chlorine ; with Nos. II. and III. 10 c.c. were taken 
for each experiment). o 

In a paper read before this Society in 1916 (see Paper VI., p. 67), 

I described a method for the rapid determination of chloric acid 
and chlorates. I showed that if, instead of adding a small quantity 
of dilute acid to a solution of a hypochlorite (such as bleaching 
powder) to which potassium iodide has been added, a considerable 
volume, amounting to at least twice the volume of the Hquid operated 
upon, of concentrated hydrochloric is used, the whole of any chlorate 
which may be present iscompktely decomposed, with the liberation 
of a Corresponding amount of iodine. Subsequent titration with 
solution of thiosulphate will then give a measure of the total hypo- 
chlorite and ohlora^ present in the solution. By subtracting from 
this the amount of thiosulphate required for titration of the iodine 
liberated by ^e addition of dilute acid (due to hypochlorite alone) 
^6 amcPMit (i chlorate in' the solution is found. This is^ reliable 
method for determining the amount of chlorate^ in a^ sample of 
bleaching po^yder, ahd has been employed in the exiperiments now 
described ^ a means of ascertaining the kind of reaction which 

Q 
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qoonrs in those solutions in4i^hiohthe calcium hypoohlorite«ttnc^r- 
gpes any change. 

It Is, q{ bourse, well fj^own that solutipns of hypochloritea 
change very rapdly when heated, and there (loe% noh apff^r to 
be any ddhbt that the change which occurs is essentially that 
represented by the ^llowing equations : — 

3NaOa == NaClOa -|- 2NaCl 
3Ca(OCl)2 = Ca(C 103)2 -j- 2 CnOl 2 

C^uite recently the mecltanism of the conversion of sodium 
hypochlorite into chlorate at a temperature of 50^0. has been 
investigatec^by F. Foersterand P. Doleh {ZcitscJL Ekclrochem.t 1017, 
23, They conclude that the change takes place in two 

steps : first, the conversion of hypochlorite into chlorite and chloride 
(2NaOCl = NaClOa 2NaCl), the chlorite then reacting with 
hypochlorite to produce chlorate anti ehloride^lNaClOg -f NaOCl 
I = NaCiP^ -f NaCl). There is also some evolution of oxygen, 
which they %ttributo to the simide decomposition of hypochlorite 
into chloride and oxygen (2Na()Cl Og H* 2Na(-l). 

The results of experiments are shown in the following tables. 
Column 1 gives the times which ela])S(^d between the separates 
observations. Column 2 the amount of thiosulphat(‘ rt‘quired for titra- 
tion of the iodine liberated by the addition of potassium iodide and 
dilute hydrochloric acid (representing the amount of hypochlorite 
present in^ho solution), and Column 3 the thiosulphate required^ 
after the addition of potassium iodide and concentrated hydro- 
chloric acid, which represents the oxidising power W the hypo- 
chlorite and chlorate together. By subtracting the numbers in 
Column 2 from those in Column 3, numbers arc obtained which 
indicate the amount of chlorate present in the solution, from which 
can be inferred the amount of hypochlorite changed into chlorate. 
These numbers are given in Column 4. 

If the change which the calcium hyi>ochlorite undergoes were 
entirely what one may call the normal change (the con^^rsion into 
chlorate according to the equation 3Ca(OCl)2 =^a(Cl 03 )2 -h 2CaCl j), 
then the total oxidising power of the w>iution would remain 
unchan^S. Ae figures in Column 3 represent tho^tal <^idi|ing 
flower m the solutions, and iUwill b8 observed mat iii all tl|p 
experiments iy which the solutions underwent dny change tJm 
total oxidisin^^)ower diminished to a greater 8r lessee extent. 'This 
was due to an actual evolution of oxygen, which alwflr# oecurrod. 
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Series A.t 

Solution No.H. (5p grms. bleaching powder in a litre of water, kept in 
« the dark). ^ 


— • — I 

1 

Time. 

• 

2 

« 

•UiliAe HCl. 

3 

Concentrated 
HCl. # 

Difference 
between 3 and 2. 


23-85 

24-9 

1-05 

8 days 

23-7 

24-9 

• 1-2 

6 „ 

23-8 

* 24-8 

1-0 

10 „ 

23-6 

24-7 

M 

17 „ 

23-6 

24-7 

^ 1-1 

3 months 

22-25 

23-65 


0 „ 

21-65 

23-25 

1-4 

10 „ 

20-6 

22-4 

1-8 

11 

20-4 

22-2 « 

1-8 

12 „ 

20-2 

22-1 

1-9 

16 „ 

18-6 

20-7 

Si 

e 


In this solution the loss of hypochlorite amounted to 22 per cent. Of 
this only 20 per cent was converted into chlorate, 80 pe^ cent being lost as free 
oxygen. * ^ 

Solution No. II. (10 grms. of bleaching powder in a litre of water, kept 
in the dark). 


^ In this solution there was practically no change at all duripg the whole 
of the 1 6 months that it was kept. The first and the final figures only are given. * 


Time. 

With Dilute HCl. j 

With Concentrated HCl. 


9-7 

10-35 

15 months 

9-55 

10-15 


Solution No. III. (the clear solution No. 1. diluted to one -fifth of its volume, 
kept in tlio dark). 


As in Solution No. II. there was practically no change. The first and 
final figures only are ^*.on. 


^Time. \ 

W^t'h Dilute HCl. 

c p 

With Concontr^^d HCl.^ 

€ 

9-4 

'fc »•» 

16 montl^. ^ 

0-3 

1003 

c c 

» * 


c 
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Series B. 

I^LUTi^N No. (50 grrriH. blotwhing powder in a lipTp\)f water, kept in 
diffused daylight). 


1 

2 

3 c 

4 

Time. 


Concentrated 

Difference • 

Dilute HCI. 

HCI. 

Ix'tw'oon 3 and 2. 


23-5 

245 

1 

2 days 

23-5 

24-4 

00 


23-4 

24-5 

M 

10 .. 

22-0 

24 3 

1-4 

’ 17 

22-.-> 

24 1 

10 

3 months j 

17*4 

23- 1 

5-7 

« „ 1 

10*3 

23 1 

0-H 

10 „ 

l»0 

220 

1 00 

11 M i 

12*3 

22*5 

10-2 

.12 . ' 

ll-O 

22-5 

10 9 

I** 

S*4 1 

21 7 

I3'3 


I 


Loss of hy|) 0 (i}ilopio -•(»4 per si* pt-r <;ful. of whieli whs oouv('rtod 

into clJlorate. 


Solution No. II. (10 gnns. bleaching powder lu ii litre of watej*, kt'pt in 
diffused daylight.) 




- 

f 



1 


1 

1 3 

C<meeiitrat<‘d 

Difference 

Time. 

Dilute HCI. 

JICI. 

between 3 and 2. 



0-45 

9*9 

0-45 

2 days 

5)-4 

9*9 

0-5 

5 

„ 

!)-3 

9-9 

00 

10 


5)- 2 

9-8 

00 

17 

„ 

S-9 

90 j 


3 months 

0-9 

90 1 

1 2.h 

6 

ff 

6-65 

8*9 j 

2-26 

10 


1 00 

8-75 'i 

2*76 

11 


1 5 

8*5 j 

3*35 

12 

99 

4-7 

8-5 ; 

p-8 

15 

« 

34 

S'O# 

9 46 


Loss of hypochlorite = 04 per cjpnt, o^ which 05) per cent w^s •oi^verted 
into chlorate. 
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So^UTiOK No. 111. (solution No. I. diluted Ito one-fifth of its volume, kept 
I in difused daylight). ^ 


Uk 

• 

•* . , 

Time. 

— • — 

Dilute HCl. 

• 3 

Concentrated* 
HCl. ^ 



0 * Difference 

,betw«nif 3 and 2. 


* • Vl 

9-08 0 

0-58 

6 days 

8-9 

9-6 

0-6 

12 „ 

8-0 

9-3 

0-7 

3 months 

6«9 

1 c 

^ 31 

6 „ 

6-36 

; 8-66 

3-3 

10 

4*36 

8-55 

4-2 

11 M 

3-3 

1 8-26 

4-96 

12 

2*9 

8-2 

' 6 f » ■' 

16 ., 

1-65 

7-7 

605 


Loss of hypoohloWte = 82 per cent, of which 7l$ per cent was converted 


into chlorate. 


Serip^s C. 


Solution No. I. (60 grms. bleaching powder in a litre of water, exposed to 
diffused daylight with intermittent direct sunlight). 

fi e 


1 ' 

Time. 

2 

1 Dilute HCl. 

3 

Concentrated 

HCl. 

Difference 
' between 3 and 2, 


20-3 

22-3 i 

O 

2 

7 days 

17-7 

22-6 ; 

j ‘ 4-9 o 

12 weeks 

t 

4-8 

18-26 

13-46 


Loss of hypochlorite - 70 per cent, of^which 74 per cent was converted 
nto chlorate. 


Solution No. II. (10 grms. bleaching powder in a litre of water, exposed to 
diffused daylight with intermittent direct sunlight.) 


1 

Ic 

Time. 

2 

Dilute HCl. 

3 

Concentrated 

HCl. 

4 

Difference 
between 3 and 2. 

c • • . 

8-7 

9-8 , 

0 11 

^ 7 days \ 

6-9 

8-9 

o2 

^ 12 %eek8 

c 

0-6 

5-6 

V' 

6 

(j 


c 

IjOss of hypochlorite = 94 per cent, of which 48 per cent was converted 
into chl&aw. ^ ° 
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pOLUnON No. m. (solution fto. I. diluted to one-fifth of itl^votene» 
exposed to diffused daylight with intetmittent d^t |9unligh<()i 


— 

1 

• 

0 

• ] 

2 

3 • 

0 • 4 * 


• / 

Concentrated 

Difleronoe 

Time. • 

• Dilute HOI. 

HCI. 

« 

between 3 and 2. 


• 8*2 

905* 

0*85 • 

7 days 

7*0 

8*6 

1*6 

12 weekf^ 

01 

• 

5*85 

6*76 


Loss of liypoohlorite — 90 per cent, of which 60 per cent was converted 
into chlorate^ 

^ecftia^tlyebubbles of gas were observed ascending in the solutions, 
especially on shaking, and an excess of free oxygen could alwa3rs 
be detected in the ay at the top of the bottles when they had 
remained closed for any considerable time. As mentioned above 
Jp. 63), , IJoerster and Dolch, in their experiments with sodium 
h 3 rpochloritepfound that oxygen was always evolved, and I have no 
reason to doubt that their explanation of this — the decomposition 
of some of the hyyochlorite into chloride and free oxygen — ^is 
correct. There does not seem to be any great regularity in the 
extent to which this loss of oxygen occurs in the various solutions, 
but, curiously enough, it was relatively greatest in the strong 
solution of bleaching powder which was kept in the dark, and that 
solution, of all the solutions which changed at all, changed the leasts 
^ut it must be borne in mind that a number of catalytic agents 
will cause bleaching powder to give off oxygen, an(?it is quite 
possible that small quantities of one of these may have been present 
in the solutions. 


It will be observed that, in the solutions in Series B, where they 
were exposed to diffused daylight, the rate of 'decomposition was 
very irregular, the amount decomposed during one interval of 
three months, for example, being much greater than duriHgthe 
next s imila r period. This irregularity was due to th(f varying 
amounts of light during different periods of tlm year. The period 
of three months during which a comparativmy small amount of 
decomposition t6ok place was in the winter time, ^len for da^s 
or weeks *in succession very little da^ght was experieftced in< 
Manchestei^ 

In a formex^ paper which I read before this Soci^}^ (jp ** The 
Action of Bleaching Agents on varioqg Natural Colouring Matters 
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(aee^pSr VI.)» I drew attention to tbe difierent behaviour of a 
solutionstof bleibhing powder of the same strength, but prepaiedo 
in diffeigpnt ways. ^Bleaching powder ^always colitsSns a ^very 
t considerable ^amdunt of free lime, and, as this ^ by far the least 
^soluble of its constituents, any given amount of watfir, wlftn shaken 
with varying amounts of 4)leaching powder, while, dissolving different 
quantities of the bleaching constituents, will always dissolve the 
same amount of lime (unless the quantity of bleachi|^g powder 
used be very small indeed). So that a solution of bleaching powder 
prepared by diluting a stronger (clear) solution with water wiU 
naturally contain relatively less free lime than a solution ef the same 
oxidising strength prepared by simply stirring up tlie. rs^'*’6-ite 
amounts of bleaching powder and water and allowing the solution 
to tand till clear. 

The solutions numbered II. and III. in the experiments now 
described stand in this relationship to each other. Theycare both 
approximately of the same oxidising strength, but No. HI. solution, 
prepared by diluting solution No. I., only contains one-fifth as much 
free lime as No. II. In the former paper referred to above it was 
pointed out that of such solutions the one containing the smajjier 
amount of free lime bleaches considerably more rapidly than the 
other, and I felt confident that this same solution would also be 
more liable to decompose than the other. Reference to the tables 
'knowing the experiments in Series B and C will show thut this was 
actually the case. In Series B, while Solution No. II. lost 64 per 
cent of its aVailable chlorine, Solution No. III. lost 82 per cent ; 
and in Series C, while Solution No. II. lost 94 per cent. Solution 
• No. III. was practically completely decomposed. There is no 
doubt that the proportion of free lime present in a solution of 
bleaching powder has considerable influence on its stability, as well 
as on its bleaching activi1%r. 

In^hese experiments, the results obtamed in Series A appear 
to me the most remarkable. I certainly never anticipated that 
solutions of such a^ognisedly unstable substance as bleaching 
powder could be kept, under any circumstances, for 15 months 
wil&iout unde|goihg any decomposition at all. ll woi&d almost 
appear t&at, i^the dark, dilute solutions are practically everlasting. 
On the other hand, w^y the strong solution (which, 4|^ter a!il, was not 
very oon^^trated) should partly decompose, while ^he two dilute 
solutions remained unchanged^ is ^ffici^t to understand, unless, as 
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already suggested, the string solution may nave oontained a j|QCiail 
amount of some catalytic agent whiih would caus^ the dmmpoii* 
tioniZ*It^jdio worth noting that the presence of much or litHe 
free lime has qp influence on the stability of^olutions kef t in the 
dark. * % ♦ ^ . 

As to the practical technical importai^e of the results of these 
experiments, I can only repeat what Lunge and Landolt said with 
reference to the results of their experiments : “ It is, therefore, 
of great iidportanco in keepijig bleaching solutions for use to preserye 
them from the action of light.*’ 



VIII. 


NOTES ON HYP.OqHLOROUS ACID AND CHLORINE, 
WITH COMPARISONS OF THEfR BLEACHING 
ACTION. 

• 

{From the Journal of the Society of Dyers and Colourists^ 1922.) 

The hypochlorous acid used in the following oxpefipae^^iwas ' 
prepared by distilling bleaching powder, mixed with 30 times its 
weight of water, with twice its weight of boric acid, as described 
in a former paper <see paper No. III., p. 3f). The solution of 
hypochlorous acid so obtained is generally about 2V^/10xl*5 in 
oxidising power, and contains about 4 grms. of the p^re acid per 
litre. 

The solution is quite colourless. When kept^ it is fairly stable 
in the dark, but decomposes more or less rapidly in presence of 
light in ways previously described by several observers. In bright 
sunlight it soon turns yellow, and oxygen is slowly evolved. In 
ordinary diffused daylight two samples lost 63 per cent and 87 pep 
e^t of their oxidising power in five and six months refpectively. 
Another similar sample kept in the dark lost 28 per cent in five 
months, whils still another, kept sealed up in a small flask in the 
dark, lost only 50 per cent in six years. 

, During the decomposition of hypochlorous acid, chloric acid 
and hydrochloric acid are always produced, together with some 
oxygen and some chlorine. The decomposition probably proceeds 
In the first instance as fdllows, corresponding to the well-known 
change W hypochlorites into chlorates and chlorides — 

3H0a=HC103+2HCl. 

But as soon as any hydrochloric acid is produced in this reaction 
it wquld^ immediately react with some of the hypbchlofbus acid 
t aq^ libersile ohft)rine. This Is probably what takes place Si direct 
su^ght, when there is a manifest liberation of q^oriifb, which 
is not the case^in ordinary daylight with an acid of^the strength 
described. * * 
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Deccm^sitiwi of HyptMhIorom Acid in presence of Silve 


Nitrate 


•^When a ablution of h 3 rpochlorous acid is«mi^d ^t)i«one Oj 
silver nitr^^, ojl/a slight milkiness is observed at first, but thi* 
soon increases, and a curdy white precipitate of i|ilvcr chloride beginc 
to form, which continues to increase. The decomposition of the 
hypochlorous acid proceeds quite rapidly under these conditions 
The change which takes place is that represented by tlu^ equation 
given above (into chloric and hydrochloric acids), but the immediate 
removal of the latttT by the silver solution greatly stimulates the 
..dec^position. The change is almost complete in a few hours, 
althou^ a little hypochlorous acid usually remains at the end ol 
24 hours. The greatly increased rapidity of decomposition ol 
hyi)ochlorous acid b|f the immediate removal gf the hydrochloric 
acid formed suggests that the action is a reversible^ on(‘ : 

:moc\ s ‘ hok)3+2Hci. 


. Experiments were made to ascertain if there is any indication 
of hypochlorous acid being formed by the action of dilute hydro- 
chloric and chloric acids on each other, but the results were all 
negative. It has beem shown, however, by Foerster (J. Pr. Chem., 
1901 (ii.), p. 141), and Sand [Zeit. physicall. Chem., 1904, p. 466), 
tliat the action is a reversible (me, so that th(^ accelerating action 
• of silver nftrate is quite explicable. * 

This rapid decomposition of hyjmclilorous acid iq^ presence of 
silver nitrate is interesting in connection with the fact that long 
ago Dancer (J. Chem. Soc., 15, p. 477) gave a method of preparing 
hypobromms acid by the action of bromine water on a solution of * 
silver nitrate, the action being represented as follows : — 

AgNOa -[-Brg+HsjO^AgBrH-HOBr+HNQ,. 

Similarly, there is no doubt that hypochlorous acid i« produced 
when chlorine water is added to a solution of silver nitrate, but this 
hypochlorous acid decomposes so rapidly in Ifresence of the excess 
of silver nitratce that this action could not be suggested as % means 
of preparing the acid. 

This cftnsidyable difference in the behaviour (ff hypochlorous 
and hypobromous acids in presence of a lolution of silver i3 
remarkable. Under these tjonditions the latter acid il tnuch the 
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iaoiKe stable of the t^o. If bromine^ water is shakeif^ig^^ with a 
BulSeient quantity of Bilvertnitrate solution and the liquid filtered. 
from the precipitated silver bromide, it remains cleaij^for <|ii!ys, add 
gives all t)ie t^stsbr^or hypobromous *acid. But thlp ^oes tsld'wly 
decompose, and, if the solution is kept for a longS^i^e, sijyer bromide 
gradually separates out, forming shining crystals, which for a time 
floaty on the surface of the solution. 

This difference between the two acids<^ — hypochlorous and 
hypobromous— is explained by the ^ fact that while* the former 
is only slightly ionised when in solution, the latter is still less so. 

Comparison of the Bleaching Action of Chlorine and hji/po^fpronfr 

Add. 

In former papers the author has frequently expressed the 
opinion that the general impression that h^ochlorous acid is a 
more active bleaching agent than chlorine is a mistaken one^ 
Further experiments have confirmed this. Many*. comparative, 
experiments with solutions of chlorine* and hypochlorous acid (of 
the same oxidising strength), and colouring matters of varioils 
kinds, have shown practically no cases where \he chlorihe did not 
attack the colouring matter more energetically than the hypo- 
chlorous acid. Naturally, the bleaching activity of the latter is 
greatly stimulated by the addition of hydrochloric acid, since this 
jjoamediately decomposes hypochlorous acid with liberation of 
chlorine. (This action is later discussed more fully, and it is shown* 
also that h 3 ifirochloric acid also stimulates the bleaching action of 
chlorine water.)* It is remarkable, however, that with moderately 
strong solutions of hypochlorous acid (say N/10 to iV/20), the 
* bleaching action is stimulated by the addition of other dilute acids, 
such as sulphuric and nitric, and even phosphoric and acetic acids. 
But none of them stimulate the action so much as hydrochloric 
acid, ijfid in the case of very dilute solutions of hypochlorous acid 
(say jN/ 600), the other acids have little or no effect. Since a 
solution of hypochlorous acid in water is only very slightly ionised, 
; —it,— 

• As^^admirable illustration of this difference in activity betv^en chlorine 
waAn: and hypochlorous acid is to add a few drops of each to separ^ portions 
qf a dilute solution of indigo -Carmine,! which is instantly bleached by the 
former but only very slowly by the latter. The stimulatiqg effeBt of hydro- 
ohlorio acid is very evidint if a few drops of it are added to 4he hypoohloroua 
acid beforf k if mixed with the colourincr mAtter. 
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the stimulating efi^t of lalphurio and nitric acids is doubtless 
\lue to the, fact that they introduce many more hvrrMmn mn^ Jiito 

If 'piTOes’of^aJjco dyed with indigo or tutkey red ar^ placed 
in moderately strong solutions of chlorine and hypoohlorous acid 
of the same oxidising strength, the bleaching ft at once seen to 
proceed more rapiclly in the fonner ; but later the hypoohhirous 
acid becomes more active, and may ultimately catch up with the 
chlorine. ?)he explanation is that as the hypochlorous acid bleaches 
by giving up oxygen, it leaves hydrochloric acid, which then decom- 
poses somcipf the remaining hypochlorous acid, liberating chlorine. 

Ssi’^her reference will be mad(‘ in the n(‘xt section to the bleaching 
action of very dilute solutions of chlorine and hypochlorous acid. 

The Solution of Chlorine in Water. 

More th^ oO years ago Williamson held the view that chlorine 
water contains both hydrochloric and hypochlorous acids, and 
that the presence of the former was proved by the fact that the 
solution gave a ciltdy white precipitate with silver nitrate. He 
did*not state that the action of chlorine uj)on water was a reversible 
one, though he probably had this in mind. 

• Doubtless this view is correct, although in an ordinary saturated 
sjolution of» chlorine in water the reaction — 

H.,O^Cl.^ ^ HO(’I + HCl 

does not proceed far in the direction from left to right ; a very 
large proportion of the chlorine is still in the free state, so that*, 
comparatively small amounts of hydrochloric and hypoohlorous 
acids are present in the solution. But ^if the chlorine water is , 
diluted with four or five times its volume of water,* the^llow 
colour practically disappears, and it might be supposed that the 
action had proceeded to a considerable extent from left to right. 
The fact that the colour partially returns oi^the addition of con- 
centrated Jiydr^hloric acid seems to confirm this. Butrin the 
colourless solution the odour of free chlorine persists^very stroo^y. 

* At ordinary temperatures a saturated solution of ohlorbie in water is a 
' little stronger than N/\0, so that the diluted solutio^ would.be about VffSfy 
to Af/eo. 
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The sohition also gives only a slight ptecipitate with silver nitrate, 
which, however, rapidly irftreases in amount. The reaction — 

‘HjO+Clg HOai+HCl '.r. 

has evidently not proceeded very far from leftatcTright oven when 
the colour has disappeared. The addition of silver nftrate to the 
solution causes the iiflmediate removal of tl»o hydrochloric acid, 
and then the reaction proceeds to a finish, all the chlorine disappears, 
and the solution smells of hypochlorous acid. (For % description 
of further changes in this solution, see page 71.) 

Even when chlorine water is diluted with fifty or a hundred times 
its volume of water, so that it becomes N 7500 or N /lOOO* the solutioi^. 
smells distinctly of chlorine, and experiments on th§ UfeSlRhing 
action of these very dilute solutions also show that they contain 
a considerable proportion of free chlorine. 

With very dilute solutions such as these, experiments on the 
activity of bleaching of chlorine and hypochlorous acAd can btf 
made much more satisfactorily than with stronger ^solutions, as 
their action upon such a colouring matter as indigo, for example, 
is sufficiently slow to enable reliable comparisons to ,be made. • 
Many comparative experiments have been made (generally using 
a dilute solution of indigo-sulphonic acid, but also with other 
colouring matters) with solutions of chlorine and hypochlorous 
acid diluted to iV^/500, and the chlorine invariably bleaches more 
fapidly than the hypochlorous acid. Thus, while 2Cro.c. of the« 
solution ofphlorine bleached a measured volume of the indigo 
solution in 15 to 20 seconds, the hypochlorous acid always took 
two or three times as long. Similar differences in the time of 
,• bleaching were observed with cochineal, crystal violet, infusion of 
red rose leaves, and litmus. (The curious action of very dilute 
^ chlorine water upon litmus will be described later.) 

Tl\p bleaching action of dilute chlorine water is considerably 
accelerate^ by the addition of hydrochloric acid, which reverses 
the action of the chlorine on the water, thus liberating more chlorine. 
Naturally, also, the ^jddition of hydrochloric acid to dilute hypo- 
chloroi^ acid accelerates its bleaching action in th^ samg way. In 
iaol, accordinff to the revei^ible action — 

HOa + HCl ^ HjO + CI2, 

the addition f to hy^chlorous acid of just the right amount of 
hydrochlbric acid ought to produde a fixture which would behave 
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— <stly like dilute chlorine Afater. If a solution of i\^/500 Jiypo- 
cmprous acid is mixed with half its voluhie* of hydrochloric 

aci(^^||4^esi|^l^ng mixture, its bleaching action, appears to be 
absolutely identiq^l with JV/oOO chlorine watc? mfcced*witlf half 
its volume* oi wattr (to bring it to the same volume as the mixed 
acids). The two solutions bleach at exactly Jho^aAne ratt‘. 

• • 
Other acids than hydrochloric do not stimulate the bleaching 
action of thi» very dilute hypochlorous acid, as they do with the 
stronger solutions (see p. 72). In fact, as already ])ointed out, 
,the solution of indigo used in comparing tlie times of bleaching 
was a solutioiA in sulphuric acid. 

* The results of the comparative bleaching experiments above 
•described leave no doubt that, considered simply as a bleaching 
^gent, chlorine is more^active than hypochlorous jteid. 

• S. H. Higgins, however, in various papers (Chem. Soc. Trans, ^ 
1912 ; this joSrnal, 1912, etc.), and more recently in his book on 
, bleaching, t insists that “ chlorine is a comparatively weak bleaching 
agent,” an^ that, in# practically all cases of bleaching by hypo- 
chlorites, hypochlorous acid is the active agent. His conclusions 
were drawn from the fact, which he pointed out in 1912, that linen 
is hardly bleached at all by chlorine. In a paper published by the 
au&or in this journal in April, 1912, entitled The Action of Bleach- 
isg Agents on the Colouring Matter of Linen *’ (see Pajwr IV., p. 44), 
it was pointed out that not only has free chlorine very ^ttle effect 
on the colouring matter of linen, but that that colouring matter 
is equally unaffected by pure hypochlorous acid. The conclusion 
arrived at was that most of the colouring matter of linen is abnormal 
in its behaviour with bleaching agents, and that, in order to enable 
either chlorine or hypochlorous acid to bleach linen, it was necessary 

* While a normal Kolutioii of hydrochloric acid contains 36*5 grin^ per 
litre, a normal solution of hypoohloro\is acid (mcaHiircd by its oxidisihg power) 
HOCl 

would only contain — ^ — — 26*26 grm«. per litre, so ^at a given volume of 

.V/600 hydrochloric ^cid would conftiin twice as many molecules as tliftsame 
volume of JV(^500 hypochlorous acid. ConHeq\j|ntly, if the tvj^ dilute acids 
were mixed in equal volumes, the resUfting mixture would qot behlhre like 
chlorine water, but 4ike chlorine water to which some hydrochloric acid 
has been added. 

t “ Bleaching,” by .S. H. Higgins, VRnr'hwster University Press 
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a^d a certain amount of alkali oas well ; that, in fact, while 
leither of those substances alone will bleach linen, a hypochlofete 
(vill.® As a Wuliqn of bleaching pc^wder contajnt^t^hy^^hvite, 
it will, mtuKilly,<^leach linen. 

In a further paper (this journal, March, 1914) ori'“ The Action 
of Bleaching Ag&ntff on various Natural CJolouring Matters ” (see 
Paper V.) it was pointed out that the anomalous behaviour of the 
colouring matter of linen was shared by a part of|*the colouring 
matter of cotton and by the colouring matter of jute. Nearly 
all the experiments on bleaching which Higgins has described hav§ 
been done with unbleached linen, and it is plain tha\; little reliance 
can be placed upon conclusions as to the bleachkg ftctiVity of 
chlorine and hypochlorous acid which have been drawn from^ 
experiments made v'ith a colouring matter which is unaffected by 
either of them.*' 

But Higgins continues to state that linen is bleacried by hyfio- 
chlorous acid, and, as a proof of this, he mentions two experiments. 
In the first he simply added boric acid to a solution of bleaching 
powder and found that the mixture bleach</d linen. aNow such Si 
mixture would certainly contain both hypochlorous acid aftd free 
chlorine, but it would also contain a considerable amount of unaltered 
calcium hypochlorite, and it is this which bleaches the linen. If 
the hypochlorous acid were distilled off from the mixture, the pure 
substance so obtained would not bleach linen. 

In hii> second experiment, Higgins added hydrochloric acid 
to a solution of bleaching powder until it turned yellow owing to 
the liberation of chlorine ; he then divided the solution into two 
parts, and to one added precipitated calcium carbonate (to produce 
hypochlorous acid). He placed some boiled linen in both solutions, 
and found that the one to which the calcium carbonate had been 
ad(bd had the far greater action (Higgins, this journal, July, 1914). 
Here again the experiment is rendered worthless as evidence of 
the superior bleaching power of hypochlorous acid by the fact that 
pure hypochlo^odv^ acid w^as not used. I have repeated this 
oxpedment, but instead of putting the boiled linen intd the mixture, 
^he hj^chiorous acid ws distilled off before use, wifSl the result 
that the blefiching action was very slight indeecj. I found further 
that if hypochlor6us acid, prepared either as just described or by 
distilling dilute bleaching powder wi^^h boric acid, is mixed with a 
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lit<^ precipitated calcium carbanat^ this has tRe same effect ^ the 
admtion of a little alkali (see p. 46), and Enables it to bleach lineiL 
It tPijnted out (s^ page 45) that .to el(able either 

chlorine *or hypof^orous acid to bleach liffen «8onie hypo- 
chlorite mustabe present as well, and it is evident that by the 
addition of calcium carbonate to either ^ chjorine water or 
^ hypochlorous acid the requisite amount of liypochlorito is produced.* 
Thus the blea(j|iing of the linen in Higgins’ experiments is fully and 
satisfactorily accounted for, and their evidence as to the superior 
bleaching activity of hyiiochlorous acid is of no value*. 

In order tciaccount for some of his results, Higgins has assumed 
tlie exii^ejiicc^of a form of chlorine more active than the ordinary 
element, and which he calls “ nascent ’* chlorine. Hut there is no 
TTecessity for such an assumption if we recognise the fact that 
%e colouring matter of^inen (together with part of that of cotton), 
is^bnormal^in its behaviour to bleaching agents. 

The Action of Very Dilute Chlorine Water on Solution o) 
I * Lifmu^t. 

• • • 

When 40 to 50 c.c. of very dilute chlorine water (5 to 10 c.c. oi 
freshly prepared clilorinc water to a liti-e of water, wh('n the solutioi 
would be from .^/2000 to iV/lOOO) arc added to a ftjw c.c. of litmui 
solution, also freshly made, the liquid at onc(^ becomes bright rod 
hpt in a fevf seconds the colour changes to purple^ and then, ii 
sufficient chlorine water is present, slowly disappears. 

The condition of equilibrium in the chlorine water is i^j)rescntec 
by the equation — 

HgO f- CU HOCl 1 H(J1, 

and the bright red colour which is produced at first is caused by tin 
hydrochloric acid present in the solution,* as hypochlorous acic 
has very little, if any, reddening effect upon litmus. Plainly, IVhei 
the colour has changed to purple, the hydrochloric acid*has dis 
appeared from the solution. A probable exp^nation of this dis 

* Sinoe tl# abofe was written I havo found that if hypochloroMs aci( 
(about jV/lCf is shaken up for some time witli ];^oipitatcd calo^m oi^bona^ 
some of the ^tter is dissolved. If tlie solution is filtered, ^he oloar liqui< 
gives a considerable precipitate with ammonium oxalat^ showing the preseno 
of oidcium in it. Hypochlorous acid has generally been considered too weal 
an acid to decompose calcium c^bonafe. ^ 
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appearauce of the hydrochloric acid« appears to be tl^at the Im 
chlorine in the solution is inunediately used up in bleaching some 
of thcf litmu8,^and, |s it disappears^ tl^ reaction 2;e||[|fe^n6£i:;I^Te 
is reoersedi and tfte hydrochloric acid also dis^pears, p^ucing 
with the hypochlorpus acid more free chlorine, owhiqH is used up 
in bleaching the^ coloining matter. 

€f this explanation is correct, then plainly the time-honoured 
explanation of the bleaching action of chlorine (the (Recomposition 
of water by the chlorine and the consequent formation of hydro- 
chloric acid) cannot be correct — in the case of the bleaching of 
litmus at any rate. Apparently the chlorine itself tacts directly 
upon the colouring matter. 

This experiment also yields an additional proof of the superior 
bleaching activity of chlorine over hypochlorous acid. If the latter, 
and not the chloHne, first attacked the colouring matter, and the 
amount of hypochlorous acid in the solution diminishedsthis would 
disturb the equilibrium of the solution in the oppoi;ite direction, 
and so more hydrochloric acid would be produced. Also, hypo- 
chlorous acid, when it bleaches, actually yields hydrochloric acid, 
and this would add still further to the amount of that acid i^ the 
solution. 

From the results of the experiments described in this paper, 
it seems plain that the active bleaching properties generafiy 
attributed to hypochlorous acid are for the most pari imaginaryj 
and are not characteristic of the pure substance itself. 
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